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A process is described for producing fertile hybrid seed 
or hybrid seed comprising fertile and sterile seed ueing 
rnale-sterile plants created by employing molecular 
techniques to manipulate anti-sense gene and other genes 
that are capable of controlling the production of fertile 
pollen in plants. Transformation techniques are used to 
introduce constructs containing anti-sense DNA and other 
genes into plants. Said plants are functionally male- 
sterile and are useful for the production of hybrid seed by 
the crossing of said male-sterile plants with pollen from 
nale-fertile plants . Hybrid seed production is simplified 
and improved by this invention and can be extended to plant 
crop species for which commercially acceptable hybrid seed 
production methods are not currently available. 
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This ij a cc.^..-Ua:io.--in-?art of ?CT Application 
Serial No. ?CT/CA5 0/CCC37 designating asong other states 
the United States, vhich is a continuation-in-part of U.S. 
Application Serial Mo . 07/ 306 , 438 , which is a continuation- 
5 in-part of U.S. Application Serial No. 151,906. 

The present invention relata3 to a method for 
producing sale sterile plants and hybrid seed, to genetic 
material used to impart the male sterility trait and to new 
10 products produced by said method, namely, genetically 
transformed plants carrying the male sterile trait, male 
sterile plants and hybrid seed produced by pollinating said 
plants with pollen from male fertile plants. 

15 Production of hybrid scad for commercial sale is a 

large industry. Hybrid pianta grown from hybrid seed 
benefit froa tha hetorotic effoctJ of crossing two 
genetically distinct brooding lines. Tho agronomic 
performance of this offspring is superior to both parents, 

20 typically in vigour, yield, and unifornity. The better 
performance of hybrid seed varieties compared to open- 
poll ina tod vcxiatios mcXas the hybrid seed moro attractive) 
for fansors to plant and ♦ hereby connands a premium price 
in the marmot placa. 

25 In order to produco hybrid scod uncontaminated with 

self ©d- coed pollination control methods oust be implemented 
to cascro crowS-poilinntion and not self-pollination* 
Pollination control xnachanioats can be mechanical, chemical, 
or gone tic. 

30 A simple mechanical method for hybrid eeod production 

can be used if tho plant apeciec In question ham spatially 
separate mala and female flovors or separate male and 
female plants. Tho corn plant, for exasrple, ham pollen 
producing male flovora in an inflorescence at the apex of 

35 the plant and fesalo flowers in the axils of leaves along 



the ne=. outcrossing ~3 ^--urcd by r.ochanicaily de- 
taaselling fe=iia plants to prcvcr.t selfing. 

Xoat siajor crop plants c: interest, hovcver, have both 
functional siala and ferric organ* within tha saaa flower no 
emasculation ia not a si-pie procedure. It ia possible to 
remove by hand the polian foraing organs before pollen 
shed, however this fora of hybrid seed production is 
extremely labour intensive and hence expensive. Seed is 
produced in this manner if the value and amount of seed 
recovered warrants the effort. 

A second general r. at hod of producing hybrid seed ia to 
use chemicals that kill or blocic viable pollen formation. 
These chemicals, teoaci gsjactocides, are used to impart a 
transitory naia-ster ility . Co=:3rciai production of hybrid 
seed by use of gor.etocic:- ia limited by the expense and 
availability of the chenicaia and the reliability and 
length of action of tha explications . Thoao chcaicala are 
not effective for crops with an extended flowering period 
bocauce new flovcrs will bo produced that will not ba 
affected. Repeated application of choaicals i» Impractical 
becauae of caata. 

Many current cc=arciil hybrid acod production 973 terns 
for field crops rely on a genatic aothod of pollination 
control. Plants that aro used aa fsaales aithar fail to 
aaxa pollen, fill to thod pollen or produce pollun that is 
biochemically ur.sblo to effect aclf-fortillaatloa. Plants 
that art) uacbla (by several dlfforoat roans) to self 
poili^CCo biochemical iy oxo tersod self-lncc-rpatible. 
Difficulties associated with tha uaa of aelf- 
incocpatibilitica axci availability and propagation of tha 
seif-incoapatiblo fanala lino and atabilit7 of tha salf- 
incompatibility. In cor.a instance* aalf-incoapatibility 
can be ovorcc-o chemically or iieaatura buds can ba 
pollinatod by hand boforo the bioch3aical aachanisa that 
blocxs pollen ia activated. Self -incoxpatifcla systeas that 
can be deactivated are often very vulnerable to stressful 
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climatic ccr.d;tion3 that break or reduce the ef fectiveneaa 
of the biochemical block to sei f -pollination. 

Of rr.ore widespread interest for commercial seed 
production are systems of pollen control baaed on genetic 
5 mechanisms causing male sterility. These systems are of 
two general types: (a) genie male sterility, which is the 
failure of pollen formation because of one or more nuclear 
genes or (b) cytoplasmic -genet ic male sterility (commonly 
called cytoplasmic male sterility or CMS) in which pollen 

10 formation is blocked or aborted because of a defect in a 
cytoplasmic organelle ( mitochondrion ) (for general 
discussions on cenic sterility, OSS and hybrid formation in 
plants see Fr^nkel, R. , et al . , Pollination Mechanisms, 
Reproduction and Plant Breading ; Springer V., et al., 

15 Monographs cn Theorstical and Applied Genetics , N.Y, 1977; 
Edwardson, J.?., Sot. H^v. 36:341-420, 1970). 

Nuclear (genie; sterility can be either dominant or 
recessive. A dominant sterility can only be used for 
hybrid seed production if fertility of the hybrid plants is 

2 0 not critical and if propagation of the fecial* line is 
feasible (eg. by clonal propagation or by the use of a 
selectable marker closely linked to the sterility gene). 

Many successful hybridization schemes involve- the use 
of CMS. In these systems, a specific mutation in the 

25 cytoplasmically located mitochondrion can, when in the. 
proper nucioar background, lead to the failure of mature 
pollen formation. In some other instances, the nuclear 
background can compensate for the cytoplasmic mutation and 
normal pollen formation occurs. The nuclear trait that 

30 allows pollon formation in plants with CMS mitochondria is 
called restoration and is the property of specific 
"restorer genes". Generally the use of CMS for coaaftrcifcl 
seed production involves the use of three breeding lines, 
the male-sterile line (female parent), a maintainer line 

35 which is isogenic to the male-sterile line but contains 
fully functional mitochondria and the male parent line. 
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The T.iie parent line may carry the specific restorer 
ger.ea (usually designated a restorer line) which then 
imparts fertility to the hybrid seed. Tor crops ,{eg. 
vegetables) for which seed recovery from the hybrid ia 
5 unimportant, a c;:s system could be used without 
restoration. 7or crops for which the fruit or seed of the 
hybrid is the commercial product then the fertility of the 
hybrid seed must be restored by specific restorer genes in 
the male parent or the male-sterile hybrid must be 

10 pollinated. Pollination of non-restored hybrids can be 
achieved by including with hybrids a small percentage of 
male fertile plant3 to effect pollination. In most 
species, the CMS trait is inherited maternally (because all 
cytoplasmic organelles are inherited from the egg cell 

15 only) , which can restrict the use of the system. 

In a crop of particular interest herein, the oilseed 
crop of the specie3 Zra53ic^ napus or arassica campestris , 
commonly referred to as C^r.oia, no commercial hybrid system 
has been perfected to date. Mechanical emasculation of 

2 0 flowers is not practical for hybrid seed production on any 
scale. The use of currently available game toe ides is 
impractical because of the indeterminate nature of flower 
production. Repeated application of chemicals is expensive 
and the method is prone to contamination with selfed seed. 

25 Genes that result in self -incompatibility are quite 

widespread in £r:c:ics species and self-incompatible hybrid 
systems have been used for hybrid seed production in 
vegetables. Major difficulties are associated with the 
propagation of the female lines and the breakdown of self- 

30 incompatibilities under stressful conditions. Adaptation 
of these systems to 3rassic& oilseeds is restricted by the 
expense of increasing the female lines and the availability 
of appropriate self -incompatible genes in the dominant 
Canola species, Er&33lca napus . 

35 A variety of sources of male sterility are available 

in Brasalca species. Both recessive and dominant genie 
systems have been reported, however their use is restricted 
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because lar^a scale :r. vitro propagation or roguing of 
female lines is in r.ost cases impractical for large scala 
seed production. 

Additionally, a number of CMS systems have been 
5 reported in Brassica species. ?our of these systems have 
been explored as possible vehicles for hybrid seed 
production: ?ol, nap, anand and ogu. The Polima system 
(pol) has been widely studied and is probably the closest 
to corjnarcii. use. Good restoration and maintenance of pol 

10 CKS has been achieved, however the system suffers from 
potential instability of the CMS with high temperature, a 
reduction in the heterotic effect of crossing different 
lines (because of the defective mitochondria) and a 
reduction in hybrid seeu oil content. The use of other CMS 

15 systems is also restricted by heat sensitivity (nap), 
difficulty in restoration of fertility (ogu, anand), 
difficulty in the maintenance of the sterility (nap) and 
low temperature chlorosis associated with the sterile 
cytoplasm (ogu). Improvement of these system* is the 

2 0 object of considerable research, however ail of the system* 
have soma inherant vaaxnesaes that limit their utility. 

For a general discussion of male sterility in Brasslca 
see Shiga, T. , I'^lc Sterility and Cy toplasmic 
Differentiation. In Xrczsica Crops and Wild Allea, Biology 

25 and 3reeding , Japan Scientific Societies Press, Tofcyo pp. 
205-221; Thoxpaon, X.7., Heredity 29:253-257). 

It is recognized that a desirable system for hybrid 
seed production in any crop would be a form of genie male 
sterility that could be regulated or overcome to allow male 

30 fertility for the propagation or increase of the female 
lines or to allow fertility in hybrids. This recognition 
has stimulated research on the use of molecular systems to 
effect genie male sterility that could be used for hybrid 
seed formation. In addition, the advent and widespread 

35 application of recombinant DMA techniques may provide a 
mechanism of introduction of novel DMA sequences into a 
wide variety of different crop species that is not possible 



. 7 zro limited :e::.:cs of genetic exchange* between 

different species. A ^UcuUr approach has th*' J advantage 
that the hybridization jystsin can be imposed on all 
breeding lines or cuitivars of any given crop without the 
need for extensive baciccrossing and disruption of 
established inbred lines leading to the rapid production of 
male sterile lines with well characterized and superior 
agronomic performance. 

sur^ivRT or t:-:3 iir.rrmo:: 

The present invention relates to a recombinant DNA 
molecule for use in the preparation of a male-sterile plant 
or a plant carrying a male-sterile trait and reproductive 
mater Lai of said plants, comprising (a) one or more DNA 
sequences which may be the same or different, which encode 
a gene product which when produced in a cell of a plant 
which is essential to pollen formation and/or function is 
directly or indirectly capable of substantially interfering 
with the function and/or development of saxd cell; and (b) 
one or more promoters which may be the same or different, 
said promoters being capable of regulating the expression 
of said DNA sequences; and wherein the DNA sequences and 
promoters are selected such that the gene product 
selectively interferes with the function and/or development 
of a cell of a plant that is essential to pollen formation 
and/or function and whsreby a plant regenerated from a cell 
of a plant having said recombinant DNA molecule integrated 
into its ganome is substantially male-sterile or carries 
the male sterile trait. 

A gene product which is directly capable of 
interfering with the function and/or development of a cell 
of a plant which is essential to pollen formation and/or 
function includeo a protein or polypeptide which ia 
substantially cytotoxic to the cell, or a nucleotide 
sequence which interferes with the expression of a gene 
which is essential to pollen formation and/or function or 
a gene which is essential to the continued development 
and/or function of all metabolically competent cells of a 
plant. A gene product which is indirectly capable of 
interfering with the function and/or development of a cell 
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of a plant which is essential to pollen formation and/or 
function include a a protein or polypeptide which render* 
the cell susceptible to a cheaical agent or physiological 
stress or a protein cr polypeptide which render a non-toxic 
5 substance substantial!/ cytotoxic to the cell. 

In one enUsodiaent of the invention a recombinant DNA 
molecule is provided which comprises at least one DNA 
sequence which encodes a gene product which when produced 
in a cell of a plant which is essential to pollen formation 
10 and/or function is substantially cytotoxic to said cell. 

In a preferred embodiment of the invention a 
recombinant DNA molecule is provided which comprises at 
least one DNA sequence which is an anti-sense gene which 
encodes an RNA which substantially interferes with the 
15 expression of a sanse gane which is essential to pollen 
formation and/or function of a plant. 

In another preferred oabodir:ant of the invention a 
recombinant DNA xoiecula is provided which comprises at 
leaat one DNA sequence which is an anti-sense gene which 
20 encodes an RNA which substantially interfere* with the 
expression of a cense gcr.o which is essential to the 
continued development end/or function of all metallic ally 
competent colls of a plant. 

In a furthor preferred embodiment of the invention a 
25 recombinant DNA molecule iJ provided comprising at least 
one DNA sequence which encodes a protein or polypeptide) 
which when produced in a cell of & plant which is essential 
to pollen formation and/or function is substantially 
cytotoxic to a a id coil. 
30 In another embodiment of tho invention a recombinant. 

DNA molecule is provided comprising at least one DNA 
sequence which encodes a go no product which when produced 
in a cell of a plant which is essential to pollen formation 
and/or function renders a non-toxic substance cytotoxic to 
35 said coll. The recombinant DNA colecule may additionally 
comprise a second DNA sequence which encodes a second gene 
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product, w.iica converts a suwitince which is endogenous to 
a plant cell to the :.or*-coxic substance. 

In still another e.?^odij,ent of the invention % 
recojibinant CNA molecule is provided comprising at least 
5 one uSA sequence which is an anti-sense gene which encodes 
an RNA whicn substantially interferes with the expression 
of a sense gene which confers on cells of a plant 
resistance to a chemical agent or physiological stress 

The recombinant DNA molecules of the invention 

10 comprise a promoter(s) which promoter(s) may be selected 
trom the group of promoters consisting of a constitutive 
promoter, an inducible promoter which is active throughout 
pollen formation or during transcription of one or more of 
the DNA sequences; cine, a pollen specific promoter which 

15 regulates the expression of one or more of the DNA 
sequences selectively in cells of a plant which are 
essential to pollen formation and/or function. 

The invention also relates to a pollen specific 
promoter which regulates the expression of a DNA sequence 

20 selectively in cells of a plant which are essential to 
pollen formation and/or function. 

The present invention additionally relates to a 
plaamid vector containing one or more recombinant DNA 
molecules of tho invention which vector is adapted to 

25 transform plant cells, a plant cell containing a 
recombinant OXA molecule of the invention, a plant cell 
culture containing the plant cell/ a plant containing the 
plant cell and a seed of such a plant, a process for 
producing a male-sterile plant, a process of producing a 

30 hybrid seed and hybrid seed so produced, and a hybrid plant 
obtained by growing the hybrid s*.ed and a hybrid seed 
produced from the hybrid plant. 

The following advantages over other hybridization 
systems may be obtained using the methods according to the 

35 present inventions 
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(a) hybrid £aed production la no: labour intensive and 
can bo icinevcd on a largo scale with commercially 
acceptable coats; 

(b) Male stariUty ia s imply inherited and stable in 
5 response to environmental stresses that limit the 

effectiveness of self -incompatibility and CMS based 
schemes ; 

(c) Seed that is produced will be relatively 
uncontaminated by seifed seed; 

10 (d) The system cvoiis the use of defective cytoplasmic 

organelles that may detract from the performance ot hybrid 
seed; 

(e) The system will greatly speed the development and 
increase the number of lines that can be tested as parents 

15 in a hybrid cross because it can bo imposed on any plant or 
inbred lino capable of being transformed and regenerated 
into plants without the inclusion of additional genomic 
DXA. Additionally plant lines can be tested for combining 
ability before inclusion of the hybridizing systea which 

20 can modify branding strategy. 

brie? pzzzr.ij^ioz: ct rz^ 2^—1:^5 

Figura 1 is a representation of the construction of an 
anti-eenao gens vector that wao used for anti-sense) RHA 
inhibition o£ 3ota-giucuronidase gene activity in 

25 transgenic plants. 

Figaro 2 a Lz a school tic representation of a 
restriction Mp and coding region of clone number It 4, a 
microspore specific ciono isolated froa a Braaalca napus 
genoaic library. Tho ciona contains throo cioilar copies of 

30 a single cono. These genes are identified as Bp4A, Bp4B and 
3p4C. Tho first (2?4A) and thixa (S?4C) genes are) 
functional/ the second geno has codifications] that nost 
likely randar it non- functional. Tho restriction map is 
made dlagr.nriantically in that tho non- transcribed regions 

35 are shovn as a single lino, whilo the transcribed regions 
are shown as a boxed aroa. The second gens> (Bp4B) is 
identified on the basis of sequence nosology and is shovn 
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as a i>cxed crsa with a dcttca iir.e. The notation "del 2 20 " 
re fere to a.-, approximately 2 20 base pair 
deietion/rearrangsmant that has pres'^ly inactivated th* 
second gene (3p4S; in this clone. Stare o£ transcription is 
5 located at tha leftmost 3ida of each boxed area (except in 
the case of gene Bp4B) and exon and intron positions are 
noted by the exons ceing filled in with black and the 
xntron positions being left unfilled. A small arrowhead is 
shown on tha non-transcribed 5' region of each gene, this 
10 arrowhead serves to indicate the promoter region of each 
gene. Restriction sites are identified such that the number 
of the first nucleotide of che restriction enzyme 
recognition site is shown. Not all restriction sites are 
shown, only those relative to the constructs detailed 
15 within are indicated. The g^ues are presented with the 5' 
region on tho loft 3 ice <cr.d the 3 ' region on tha right 
side. The numeration of z'r.z D:iA sequence is from left to 
right, 5' to 3' in all case-. 

Figure 2b is £ schoa&tic representation of a 
20 restriction r.ap and ceding region of clone nunbar X* 10, a 
microspore specific ciono isolated from a Brajsica napus 
genomic library. Tho clono contains a single gone* Start of 
transcription, exon, intron and prosoter positions) are 
noted aa in Figura 2a. Raatriction sites are identified 
25 such that tha nucber of the fixot nucleotide of the 
restriction cnsr=a recognition cito is shown. The genes axe 
precepted with tho 5' region on tho loft side and the 3* 
region- on tha right sido. Tho numeration of the DNA 
sequencer ia from loft to right, 5' to 3' in all cases. 
30 Figure 2c is a schematic representation of the 

restriction cap and coding region of clone number L 16, a 
microspore specific clona isolator froa a Brassies napus 
genooic library. Tho clono contains a single gene that 
shows similarity to clone L 10. Intron and exon positions 
35 are no tod as in Figure 1. Restriction sites are identified 
such that the nusber of the first nucleotide of the 
restriction enzyae recognition site is shown. The genes are 



praaer.ted with tha 5' region on tha left side And the 3' 
region on tha right sice. The r.uaaration of tha DNA 
sequence 13 frca left to right, 5" to 3 ' in ail cases. 

Fig-are 2d is a schematic representation of the 
5 restriction rr^ap and coding region of clone number L 19, a 
microspore specific c -one isolated from a Brass ica napus 
genomic library. The clone contains a single gene. Start of 
transcription, e,*on, intron and proaoter positions are 
noted as in Figure 1. Restriction sites are identified such 

10 that the nu^nber of the first nucleotide of the restriction 
enzyme recognition site is shown. The genes are presented 
with the 5* region on the leit sida and the 3* region on 
the right side. The n^.eration of the DNA sequence is from 
left to right, 5 ' to 3 ' in ail cases. 

15 Figure 3a is tha coroloto nucleotide sequence of the 

clone L 4 represented in Figure 2a. Only the coding strand 
is shown for clarity. 

Figure 3b is tho nucleotide sequence of the portion of 
the clone I* 10 ahovn in Figure as being underlined in 

20 Figure 2b. Only the coding ctrand is shown for clarity. 

Figure 3c is tho nucleotide sequence of tha portion of 
the clone L 15 ahowr. in Figure aa boing underlined in 
Figure 2c. Only tho coding etrznd is shown for claxity. 

Figura 3d is the nucleotide aoquonc© of tho portion of 

25 tho clone L 19 shown in Figure aa boing undorlined in 
Figure 2d. Only tha coding strand is a hewn for claxity. 

Piguro 4 ia tho nuclootida sequence of 3 cDKA clonee 
isolafcext frca a cicrooporo derived cDUA library of Braaaica 
napus . These clonea are neacd cB?401, cBp405, and c8p408. 

30 Thece thxeo cDHA clonca are extremely hoaologoua to e*»bere 
of the L4 Srasaica n&pua cicrooporo apocific gene) faaUly 
(Bp4A, 5?4B, B?4C). Tho nuclcotida sequence of two of these 
3 fficobera of tho L4 Srr.rslca nr.pua nicroopore specif ic gene 
family axo shown in this Figuro (Cp4A, Cp4C). The gene Bp4C 

35 waa choaon as a aaatar ccquonca for cozpoxioon. The deduced 
nucleotide coding sequance for the genea Bp4A and Bp4C ia 
shown aa a aoquence from which the two exone of the genea 



h^vo iaon cpliccc tcce.cr.3r ct tha pocition3 normally 
spliced in vivo. This gives r i ae to tho coding sequence in 
the inctura cvCIA . The c3::a cior.ss aro cligned with the 
sequence of 2p4C such that only nucleotide change* are 
5 shown. The sequences are therefore represented as variants 
of a single master sequence of gene 3p4C which is shown on 
line 1. The ATG start codon as well as the TGA or TAX atop 
codons are underlined. These three cCXA clones correspond 
to related members of the Br&ssica napua microspore 
10 specific gene family a portion of which is contained in the 
clone L4 . 

Figure 5 shows a partial r.ucleotido sequence of a cDNA 
clone that is closely homologous to the gano, contained, in 
the clone L10, the restriction map of which is shown in 
15 Figure 2b. 

Figure 6 is the nucleotide sequence of the cOHA clone 
that is the gane product oZ clone L19, the restriction map 
of which is shown in Figuro 2d. 

Figure 7 (7A, 73, 7C, 7D) are schematic 
2 0 representations describing the production of vectors 
containing the prccoter anc, proxotor regions from clone L4. 
The specific escsplec aro discussed in greater detail 
below. Figura 72 shc^s a schematic rcpreoontation of the 
promoter constructs produced as shown, schematically in 
25 Figures 7A to 70. 

Figure 8 is a achoQ^tic representation describing the 
production of vectors containing tho prc^ctor regions of 
cloner-LlO, the dot ail 5 of vhich axo discuaaod below. 

rlgure 3 is a schematic representation doscribing the 
30 production of vectors containing tha promoter regions) of 
clone L19, the details of which aro di- cussed bolov. 

Pigura 10 ia a schematic raprassntation of a 
restriction nap of a zrsr^ica ncpus genomic clone) that 
contains a gono ( rof erred to aa KP101 ) that ia 
35 conatitutively exprec sod at high levels in all cells 
including developing pollen cells. The portion of the clone 
that was used to provide promoter regions for the 
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production of ar.ti-ser.sa RXA i. shown, thi. construct giv.. 
risa to an anti-sense R.NA that contain* a region of 
transcribed fLXA fron this gene. 

Figaro u is a schematic representation describing tha 
5 production of a gene coding for a polyly.ina protein . 

Figure 12 i 3 a schematic repreaenr.ation describing tha 
production of an anti-aense gene specific to tha intron 
regxon of clona L19 and a restorer that lack, the intron 
region targetted for anti-sense rha inhibition. 
10 Fig-are 13 is <• schematic representation de.cribing tha 

production of clones containing version, of a ricin A chain 
coding ragion. 

Figure 14 is a histogram showing G'JS activity in 
plants trt-s forced with S£ .-.ae and anti-aonse COS gene.. 
15 Fig-are 15 illustrates the procedure used for tha 

isolation of the 7-d.va g 8 .-.a 2 (the laaH, indole acetaaide 
hydrolasa gc-o) of tha Agroicctoriua ruaefacion. Ti pla.siid 
derivative p?CV 311 (described by Xoncs, C. and Schell, j. , 
Molecular and General Genetics, 1936, 204O83-396) and tha 
construction of a ?ro=oterless version of this ganoj. 

Figura IS illustrates tha procedure used for tha 
isolation ol tha ?-c:ia gone 1 (tha laaS. indole ac.ta.ida 
synthase gone) of tho Agrobact.rluai tuaefaciene Tl plaaaid 
derivative ppcv 311 and tha construction of a proaoterle.s 
25 version of this gena. 

Figuxo 17 iiiuotratca hybrid soed production using the) 
binaxT- cryptocTtozoxicity sathod based on tha usa of tha 
lama Cut lzs3 goaca described in ?igurco 13 and 16. 

riguro 13 illustrates tha segregation pattern, of tha 
30 laaa and laoS gonaa in tha 71 and 72 population* whan tha 
genea are on tha caao segregation unit. 

Figuro 19 is an alternate representation of tha 
procedure used to isolate tha T-Oltt gene 2 (tha las* gene) 
of Agrobacteriua turvjfacicwi and tha production of a 
35 promoterlsas version of this gene. 
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Aa hereinbefore mentioned the invention relates to a 
reccmbinant ,-noiecuia for use in the preparation of a 

5 male sterile plant or a plant carrying a male sterile trait, 
and/or reproductive material of the plants. The 
recombinant DNA molecule contains one or more DNA sequences 
which nay be the s^ia or different, which encode a gene 
product. The gene product includes a nucleotide sequence, 

10 in particular an RNA sequence, a protein or a polypeptide. 
When produced in a cell and/or tissue of a plant which is 
essential to pollen formation and/or function the gene 
product i3 directly or indirectly capable of interfering 
with the function end/or development of the cell. A cell 

15 and/or tissue of a plant which is essential to pollen 
formation and/or function includes cells and/or tissues 
that are instrumental in the development or function of 
pollen, including cells and/or tissues from which pollen 
develops (e.g. premeiotic and uninucleate microspore 

20 cells) , cells and/or tissues which form part o£ the male 
structure in which pollen develops (e.g. anther, tapetum or 
filament) and pollen itself. The recombinant DNA molecule 
may also contain one or xore prcaoters, which may be the 
same or different, which are capable o£ regulating the 

25 expression of the DUA sequences in the recombinant DNA 
molecule. The DXA sequences and promoter* in the 
recombinant DNA molecule are selected such that the gene 
product selectively interferes with the function and/or 
development of a cell of a plant that i» essential to 

30 pollen formation and/or function. 

The recombinant DNA molecule of the invention may 
contain one or more DNA sequences which may be the same or 
different. The DNA sequence* may be selected from the 
following DNA sequences i 

35 (a) a DNA sequence which encode* an RHA which when 

produced in a cell of a plant which is essential 
to pollen formation and/or function substantially 
interferes with the expression of; 



(i) a gcna which is essential to pollen 
formation ana/ or function; 

(ii) a gene which ia essential to the continued 
development and/or function of all 
netabolically competent cells of a plant; 
or 

(iii) a gene which confers on a cells of a plant 
resistance to a chemical agent or 
physiological stress; 

(b) a DNA sequence which encodes a protein or 
polypeptide which when produced in a cell of a 
plant which is essential to pollen formation 
and/or function is substantially cytotoxic to 
said cell; and 

(c) a DNA sequence which encodes a protein or 
polypeptide which when produced in a cell of a 
plant which is essential to pollen formation or 
function renders a non-toxic substance 
substantially cytotoxic to said cell; and 

(d) a DXA sequence which encodes a gene product which 
when produced in a cell of a plant which is 
essential to pollen formation and/or function 
rendors said cell susceptible to a chemical agent 
or physiological stress. 

(e) a DNA sequence which encodes a gene product which 
may be converted into a substance which is 
cytotoxic to cells/tis3ues essential for pollen 
formation and/or function. 

The above DNA sequences (a) to (e) ara further 
described below in relation to the various embodiments of 
the invention. 



According to a first er^bodir.cnt of the present 
invention genie r.-iic sterility may be produced by 
trannforaing pl&nt calls that ara capable of regeneration 
into a differentiated whole plant; with a recombinant DNA 
molecule containing an anti-sense gene which encodes a gene 
product, in particular a*\A vhicn is capable o£ interfering 
with the expression of a sense gene. Preferably , the 
recosibinant CXA r.olecule encodes RSA which is complementary 
to and capable of hybridizing with the RflA encoded by a 
sense geno. 

An anti-sen3e gene is a DNA sequence produced when a 
sense gene is inverted relative to its normal presentation 
for transcription. An anti-sense gene nay be constructed 
in a nuabar of different ways, provided that it is capable 
of interfering with the expression of a sense gene. 
Preferably, tho anti-sense gane is constructed by inverting 
the coding region of a sense gene relative to its normal 
presentation for transcription to allow for transcription 
of its complainant; hence the R&A ' s encoded by the anti- 
sense and sense geno are complementary. It is understood 
that a portion of an anti-sense gono incorporated in the 
recombinant DJIA cclccuio of tho invention oay be sufficient 
to selectively interfere with the expression of a sense 
gone and thus tho tcra ''anti-sense gene" used herein 
encompaj 3 oa a functional portion of an ant i -sense gene. 

A.xsa3€) geno 13 a go no which may only be expressed in 
colla^j^id/or tiaauoc of a plant that are essential to 
pollers- Sorption and/or function. Preferably, the sense 
gono is a gone* only criprcssod at c pacific stages during 
pollen development *hoso regulation is tightly controlled. 
The sense gono cay alco bo a gono that is eseeatial for the 
continued development or function of all aotabolically 
coapoteat cells/tissuac such as but not limited to genes 
involved in essontial coliuiar structures, and essential 
aotaboiiaa Including essential biosynthesis. The sense 
gene further may be a gone which confers on cells/tissues 



20230:? 



of a plant resistance to a chemical agent or physiological 
stress . 

It is understood herein that it is not essential to 
identify and isolate scr.ee gene £i£ novo . Rather, the 

5 sense gene nay have been aescribed in the literature or 
obtained commercially. 

The isolation of sense genes that are essential to 
pollen formation and/or function may be accomplished by a 
variety of -rccecures. A detailed description of a 

10 procedure for isolating such cense genes is set out below. 

Since the sense gene in question may initially be 
isolated in it3 native form, it is to be understood that 
the term "sense gene" as used herein may refer to one or 
more parts of the gene including 5' untranslated leader 

15 sequences/ coding sequences, promoter roquences, intron 
sequences, and untranscribca 3* sequence*, or any 
substantial fragments of thsso ccquencoa. 

The present inventors heva isolated DMA sequences 
from a plant of tho specica Sr- ::ici nr.tus cap olalfera w 

2 0 Westar which aro expressed only in microspores and whose 
expression is essential to microspore function and/or 
development and hence e. preferred embodimont of tho present 
invention provides a recombinant DMA molecule containing 
ont or moro i-nti-scnao genes to thcoe isolated DMA 

25 sequences. A cchc^atic representation of thai restriction 
maps ar*d coding regions of tho microspore specific genes 
identified as L4, L10, 1*16 and L19 are ohown in rigures 2a, 
2b, 2a,-. and 2d, respectively. 7he complete nucleotide 
sequence of clonoa L4, and relevant sequences of 1.10, L16 

30 and L19 are shown in rigures 3a, 3b, 3c, and 3d , 
respectively. Tho nucleotide sequences of isolated cDNA 
clones that correspond to tho gones or related gene) family 
members within donas L4, L10 and L19 are shown in Figuree 
4, 5, and 6, respectively. In a prof erred enbodlaent of the 

35 invention the recombinant DJiA molecule contains one or sore 
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of an anti-sense gene ~o una microspore specific genes 
identified as L1Q and L19. 

It is believed that idantical or homologous microspore 
specific DNA sequences to those isolated from arasalca 
5 napua described herein will be found and expressed 
exclusively in pollen of other species of pollen-bearing 
plants, particularly species of plants within the genus 
Bras3ica and the family Cruciferae (also known as 
Srasslcaceae ), and more particularly other cultivars of 

10 Sraasica napua . 

The occurrence of tho microspore specific sequences 
isolated froa 3rassica naou3 in other species of pollen- 
bearing plants may bo routinely ascertained by Jcnovn 
hybridization techniques. I* ia believed that the 
similarity of plant genes froa species to species will 
allow for the es-Jaodiaents of the present invention to be 
carried out using the DNA sequence in any number of pollen 
bearing plant species that arc capable of being genetically 
transformed. The universality of plant ganea has been 
widely docuxented in tho literature and homologous plant 
genes have been described for plant actins {Shah, D.M., et 
al, J. Mol. Appi. Genet. 2x111-125, 1933), phytochrome 
(Hershey, H.P., at al. , Proc. Natl. Acad. Sci. USA 8U2332- 
2337, 1984) storage protoina (Singh, H.X., et al., Plant 
25 Mci. Biol. 1U633-S39, 19S3) easyaoe such as glutaaine 
synthase (Ligatfoot, D.A., et al, Plant Hoi. Biol, lit 191- 
202, 1238, and references within) and nitrate reductase 
(CheagTc., £t al, 22x30 Jour. 7 1 3309-3314) . These and 
othor exaaploa in tho literature clearly demonstrate that 
many plant genos era highly conserved. It is also clear 
that this conservation applies not only to structural 
protoins but to ensyaatic pre tc inn ioportant to cellular 
physiology. Therefore, it is believed that the DKA 
sequences, whan found in anothar plant species, will be 
35 essential to microspore development and will be useful in 
carrying out the present invention in such species. 
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It has also bean ciaonstrated that anti-sense rna 
sequences derived from one plant species can effectively 
inhibit the expression of homologous DNA sequences in a 
different species {Van dor Xroi, et al, 1983, Nature 333i 
5 665-863). Therefore, it is expected that anti-sense RNA 
derived all or in part from Srassica microspore specific 
OKA sequences will be functional in other plants. 

As hereinbefore mentioned the sense gene may also be 
a sense gene that is essential for the development and/or 

10 function of all metabolicaliy competent cells/tissues such 
as but not limited to genes involved in essential cellular 
structures, essential biosynthesis and essential 
metabolism. Examples of such sense genes may be found in 
the literature and induct a the genes which encode actin, 

15 tubulin or ubiquitin; three proteins which are essential to 
cellular growth and development* 

Sequences for actin gonss isolated from plants have 
been published (for example; Baird W.V., and Meagher, R.B., 
EXEO J. 5i3223-3231, 1387, or Shah, D.M., Hightower, R.C. 

20 and Meagher, R.B., ?roc Natl Acad Sci USA 79t 1022-1026, 
1932) and actin ia knovn to play a critical role in normal 
cellular function especially during mitosis and seiosis 
whera actin forns paxt of the cellular apparatus for 
cellular division. 

25 Tho aoquence for plant tubulin has also been described 

{Raha,_Q., Sen, Iv. and 3iawas, a. a. Plant Kol Biol 9s 565- 
571, 1227). Tubulin, li^o actin, is knovn to be important 
in tho>collular lifo cycle particularly in regards to cell 
shapo, transport and spindle formation during mitosis and 

30 moiosis. 

The 02CA sequence for plant ubiquitin has also been 
published (Gauaing, X* and Sarkardottlr, R. Sur J. Biochesi 
158*57-62, 1936). Ubiquitin is a protein involved in the 
turnover of cellular pro tains and as such has a critical 
35 role in tho regulation of specific cellular protein levels. 
In addition, ubiquitin is one of the most highly conserved 



proteins in euxaryotic ceils. Interference with ubiquitin 
expression can cause abnormalities in the turnover of 
cellular proteins. 

If any of the af orexsntionod protein* are not present 
5 in the cell, proper cellular function is interfered with 
and the cell fails to develop properly. 

It is believed that a gene that is found to be 
essential for the continued development or function of all 
metabolically competent ceils in one plant species will 

10 have a similar counterpart ^n other plant species, since it 
is generally understood that within the plant Kingdom there 
are genes that are nearly identical or vory homologous 
involved in the basic ?roco3:oa that control or are a 
result of cellular development. It is further believed 

15 that a gene which encode- a gene product which interferes 
with the expression of said gene (ie. an anti-sense gene) 
in one plant species will have the ability to do so in 
other plant species. 

The tissue-specific and dovolopmentally regulated 

20 expression of a wheat endosperm protein synthesized in 
tobacco plants gsnetically transformed with this wheat gene 
has been reported (?lavell, R.B., et al, Second 
International Congress for Plant !^>i ocular Biology, 
Abstract 037). In that enczrpio, tho wheat gene functioned 

25 in the tobacco plant in an identical fashion to tho way in 
which.lt function* in a wheat plant. Other literature 
cleaxi^shows that the regulation of a specific geno, which 
can bcfcvin cony case* co~?ica, is maintalnod In transgenic 
plants. One example of this is the phytochroae mediated 

30 regulation of a whoat Chlorophyll a/b-blnding protein in 
transgenic tobacco (Xagy, F. ct al, ES20 Jour, 3 i 1119-1124, 
1906). in this example tho light responsive specific 
regulation of the wheat gone tras maintained in the foreign 
genetic environment . Not only do coreal genee function in 

35 a conserved manner, but genes from other plant speciee that 
are more closely related maintain functionality in 
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heterologous genetic 5y;':e.-3. Pea seed proteins are 
expressed properly in tojicco plants (Higgins, 7.J.V., et 
al plant Xol. Eici. li:o32-69o, 1988), as are soybean seed 
proteins, (Barker, S.J., at al, Proc . Natl, Acad. Sci.USA 
5 85:458-462, 1988) and pea rbcS genes (Nagy, F. et al . , EMBO 
Jour. 4:3053-3068, 1935). The scientific literature has 
numerous other examples of genes that have been used to 
genetically transform plants and those genes maintain their 
ability to function properly in this new genetic 
10 environment. Therefore the conserved nature of these 
genes, not only in the 3MA sequences which control the 
expression of these genes, but the actual protein structure 
coded for by these genes, is similar among the plant 
species . 

15 As hereinbefore mentioned, the sense gene may be a 

gene which, confers on cells of a plant resistance to a 
chemical agent or a natur-liy occurring or artificially 
incurred physiological stress. Such a sense gene may be 
native to a plant ceil or may be a foreign sense gene for 

2 0 example, a gene from another plant species. If the gene is 
a foreign gene it may be introduced into the genome of a 
plant cell prior to, after, or concurrently with the anti- 
sense gene as will bo described below. Examples of such 
sense genes may be identified in the literature and Include 

25 genes which confer resistance to a herbicide such as 
acetolactate synthase which confers resistance to 
chlorosulfuron; genes which confer resistance to a 
physiological stress such as the gene encoding superoxide 
dismutaae which actively reduces oxygen radicals; genes 

30 which confer resistance to uv light and wounding (phenyl 
and alanine ammonia lyase or chalcone synthase) genes which 
confer resistance to disease or peats (e.g. 01/ 3 
glucanaaes, chitinaae or proteinase) genee which confer 
resistance to antibiotics and certain toxic drugs such as 

35 the gene encoding neomycin phosphotransferase II conferring 
resistance to kanamycin. 

The recombinant DUA molecule containing an anti-sense 
gene of the present inventiow additionally contains a 
promoter which regulates the expression o£ the anti-sense 
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qer.a. If -era than or.- z::*\ 3cquance containing an anti- 
ser^o £3ne (or ono cr r.cr: oi a cene encoding a cytotoxic 
substance or a gene v.-icn confers susceptibility to a 
chemical agent cr phyc iclc-gicai stress) is present in the 
5 recombinant DhW molecula of the invention , the DNA 
sequences may be reguiazsi 07 an identical promoter or each 
may be regulated by a ciifarcnt promoter. 

If tha sense gene -3 a gene which is only expressed in 
ceils/tissues of a plant that are essential to pollen 
10 formation and/or function, then a promoter that functions 
in all, many, or a variety of cell types including 
cells/tissues essential tc pollan formation and/or function 
may be used in tho construction of an anti-sense geno. An 
example of such a constitutive proxotar is CaJCV 35S or 
15 preferably 1C1 which hcz been isolated froa Brassica 
r.r.tur as described be lev. Thus, the promoter that is used 
may be constitutive!-/ activo in all or many cell types but 
the anti-uenco gena whoas cjrproJ3ion is regulated by such 
a promoter will only intarfsro vith the expression of the 
20 sense gene in thoca cells/tiiicuca producing the sense gene 
in question i.e. colls/tissues essential to pollen 
formation and/or function. 

It is alco possible to u:o an Inducible promoter to 
rogulcte tho or^rcscion of tho anti-comse geno. An 
25 inducible prcrotcr is a prc^otor that is capable of 
diroc^irt or Indirectly cctivctin.r transcription of one or 
cars cr^ soqucaccs or ccr.ee in rcsponco to an Inducer* In 
tho c b ^o n ca of cr* inducer tho Zizx roquoncas or genes will 
not be transcribed* Typically the protein factor that 
30 binds specific illy to an inducible proxoter to activate 
transcription is procont in an inactive form vhlch is then 
directly or indirectly converted to tho active form by the) 
inducer. Tho indue or ccy bo a chcnicol agent such as a 
protein, motabolito (sugar, alcohol m*c.),m grovth 
35 regulator, herbicido, or a phonolic compound or a 
physiological stress imposed directly by heat, salt, toxic 
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cic-cr.:3 etc. or ^nc-rcctiy through the action of a 
pcthocon or ci::-:o *i;;c.\t :ucn ia a virus. A plant call 
contuir.xr.- ur. ^r.-^c^J.^ prer.cter r.sy be exposed to an 
inducer by c;ct or nelly implying tha inducer to the cell auch 
5 a 3 by apray.r.r/ Wu:cri;.r, naa ting, or nLailar method*. 
Sxamplec cf inducible prcr.otars include the inducible 70 KD 
heat shock promoter of D.melanogaater (Freeling, M . , 
Bennet, 3.C., M«:i:o 1, Ann. Rev. of Genetics 19x297- 

323) and the ilechci cshydrogenaaa promoter which is 
10 induced by ethanoi ^Cagio, H.?., at ai . , Miflin, B.J. , Ed. 
Oxford Surveys of -c.v- .;ciacular and Cell biology, Vol. 
3., p. 2 C 4 - v 3 0 , C;:*crd University Press, Oxford 1986 ) . 
Tha inducible pr sector ecy be in an induced state 
throughout poller. ioiess^on or at losat for a period which 
15 corresponds to tha transcription of tha cense gene. A 
promoter thnt is inducible by a alcple cheaical is 
particularly useful ^inca tho male sterile plant can easily 
bo maintained by s ai f -pollination whon grown in the absence 
of auch a chcriicai. 
20 Alternatively, if ths sense gone is a gone essential 

for tha development ar.d/or function of all metabolic ally 
competent C2ilc/w-^wuc« or a ^cr.o which conf ors on cells of 
a plant resistsx.ee tc a cheaical agent or physiological 
stress, a presustcs; thet is active only in cells/tissues 
25 eascnticl to poiian fometion and/or function (for example, 
a policy specific treeiotsr) is pro for ably used to regulate 
tho o— ^cssicn of the sr.ti-scns© gone. 

Tbsy invention also relatoa to a pollen specific 
prcrotcr or functional portions thoxcof and chimeric 
30 prcrotors constructed using the pollen specific promoter 
and/or portions thereof. 

A pcilcn specific promoter is a D:iA sequence 
which rec-ulstos; tho expression of a DMA sequence 
selectively in tho coils/ tissues of a plant essential to 
35 pollen formation and/or function and/or liatLte the 



expression, of cue. a 1XA aaquenca to tho period of pollen 
forsatiar. an tho plant . 

Prof erabl/, the poller* specific prexoter ia a DNA 
seq^er.ca ccrroeponair.g to the prcr.otar sequence in the 
5 microspore specific cer.es identified aa 14 , L1Q, L16 and 
L19 herein or <a functional f-.--_T.ant thereof; or a chimeric 
promoter s^c-^encs containing ona or more of a promoter 
sequenca frcn the microspore specific genea identified aa 
14, 110, 115 and 115 or portions of such promoter 

10 sequences. Tho pre f arrec pollen specific promoters may 

uced in conjunct -on with r.aturelly occurring flanking 
ccdina or traneeraecd 5£^c:.cf»« 'lescrie^d herein or with 
any other ccdir.r or tranacrie-cd scras nc o that la esaentlal 
to poi len fonr.^t ion and/ or function . 

15 Tho pollen specific promoters referred to abovo were 

isolated free; t plant of the species Zrnrelca nepu3 . It ia 
boiioved thet the it is poeeible to ues thoeo proaotera to 
lir.it tho exprcaaion of a given DliX soquonce to pollen 
formation and/ or function and to a specific period during 

20 pollen formation ana,/ or development froa a plant of a 
different zpecica. The published aciontif ic literature haa 
clceriy ehom th-t piaavt c;enas arc? universal and tho plant 
tiseuo-apecif ic prca;otcr frerzzente retain thoir function in 
other spool . Tor eseerplo, vhoct endocporm promoter 

25 frasacr.es function to civo expropriate) aocd apexrlfic 
erprceeion in tebecco ;5ir.pecn, J. et al, E2CBO Jour* 
4.272^1723, 1325) and tho alcohol dehydrogenase) promoter 
( Adh-1>- frca corn [ Z~.r. tv;: ) cm bo uacd in conjunction 
with ether prczactcr fracezente to give appropriate 

30 exproeeion ia tobacco (-ilia, J- G. , ot ai. , 1987, S32Q J. 
6 1 11-15). Additionally tho z:eiae tranopoaaalei decent Ac 
io active in toiccco end othor plant specioo (Taylor, et 
ai., lSCS, Sol. 2iol. 13 1 103-113) providing further 

evidonco of tho universality of plant gene atructurai and 

35 function. Thoco octrarplcc dcaonotreto tho equivalent tieeue- 
apocific function of tho a ace proaotora in very widely 



divergent s .. ~iee v .. eneeete zz diccte;. Research studies 
have- ehcvn t_ _ ;vulc:.: prer.ctar function in more closely 
ralatcd eeecie- --/ithir. the eer.e far.iiy or between families 
such the ie. — - end 3re£s ^cacc* 3 . 

5 ft ee eppr ec ^zzzz. , i-.ou3vcr, that refinements in 

oronoter function -ay jo required for individual plants or 
spec*ee to r.uxi".i;s or r.oduicta the appropriate timing or 
iavei of expression 10 ca*r/ out aspcctj of the invention. 
Accordingly rnethode for the modification of promoters to 

10 -.edify or ir.prove function in various plants of different 
origin cr: provided herein. 

The pollen epsc^fic pror.otors obtained from 3raaalca 
n ^:u: deecrieed herein r.ey also bo ueed to aa probes to 
isolate) pollen specific prcr.otoro in othor plant species, 

15 zz zz noted thet thora ie not a high dagre* of DNA 

eoq-eer.ee her.eiery eotveen tho native pollen specific 
pror.ctere free: the L< , L1C, LI S and LI 9 cionoa . Tost data 
reveal thet the tie.inc end l^voi of express ion of these 
canoa ie net identic-! in pollen, but that all overlap in 

20 ectivity uZ zczzz tir.e. This illustrates that there are 
divergent gene eecnier.cee in Zrrselca napua thet still 
function u.z pcilen epeciiic proe^otora . 

It ie e;rpcctcd thet ono a-7 uoo &ny nuabar of 
different poller, specific protestors to rogulate tha 

25 crproecicn of e ocrucneo in a recced Lacnt 02U molecule 
o2 the invention. In order to dotcntina what pollen 
cocci-n^: prcr.ctcr ncy be ueed to ro</ulnto tho expression of 
ta intT-ecncc gen 3 {cr othor scc^ioncce, which will be 
diecueeod fcclc~j in zz-rzz£ to othor eezbodlaenta of the 

30 invention) consideration is to bo given to e number of 
factors . 

Tho pollen specific procoter usod should ba a 
promoter, or a codified fora of tha prcrotor, that la 
activo at the opproprictc tieto to produco cuf ficient lerale 
35 of trta=crifccd ?OU to cezry out tha invention. Tha pollen 
cpcciiic pro=x>tox3 derived froa pollen specific clonaa 



diacioocd here..-. ;r.eneiy --ivci iron tho nicroopore 

cc-o: icentifiiLC z.z ^1C, LIS <ind L15) that ara active 

early in the devG*c;".cr.- of microspores euch that gene 
expression t^ces ^.ecc both curing and aftar the maiotic 
and mitotic division oi cellar, mother calls. Thua , the 
activity of these promoters ic not limited by segregation. 

When using a pollen specific promoter to inactivate a 
sanaa gene thct is ec:c.itiai to pel ion formation and/or 
function, as hereinbefore ciecus3ed, it may be difficult to 
oredict, a priori , which pollen 3pecific proaotar or 
modified promoter construct viii effectively block the 
function of such a gone. It ie prefer- lo to uco a pollen 
soGcific promoter thet e^epieye a rir.ilax davelopnantal 
oattorn to tho r:r.o, «\ convenient not heel to dotoraine whoa 
tho ccr.ee cono targeted icr interference ia onproeeod ia to 
isolate ro.V* J roe; developer r.-crorpc-ae it different stages 
and to analyze this RIIA icr the erpreeeion of the senae 
ceno by tho eo-cullod ::erth2m blot analysis . Thia 
procedure will allow for tho determination of the 
developmental period in vhich the acneo gono ic cspreaaed. 
in order to determine tho deveiopnantai poriod ia which a 
pollen specific prccotar gar.o ia expressed, a similar 
aorice of or.aiyrce con bo carried cut using &« a probe a 
reporter gene ouch ee be -^-.;lucue:enideeo 'oincd to the 
poller* Gpec-fic prcnetar, cr a native) cceiao gano froa the 
cone ^.l.e-r*t epceiee ire- ;;hich e jroilcn specific promoter ia 
icolaoc^ and vhero cnprecalcn ie rogulatod by tho pollen 
opeci-Xc. pronator, -hen tho pollen specific promoter ia 
isolated free; one plant end uecd la a difforonfc plant 
apociea the preferred xethod ie tha uao ol a raporter gene 
joined to tho promoter to datcraina tha oaact developmental 
tijning that tha pro-otor baa ia that particular plant 
species. 

It is understood that tho activity of a pollen 
specific promoter, whether intended for the aaae or 
different spocioa aay be modified in atructure to change or 
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altor activity in a plmo. Changes t;.i': dre contemplated 
include but are not r.:cc-3«:r:ly limited tot addition or 
daletion of sequences, orientation of upstream or 
downstream sequences, end tho inclusion of introna or parte 
of the coding sequence of tha pollen specific gene. The 
above modification -ay csrva to increase expression or 
inprove regulation at expression to targeted stage* of 
development . 

It should bo noted that the identification of a 
promoter region (inducing constitutive, inducible and 
pollen specific pro.T.o 'jor3 ) io usually dofinod by -unction 
rather then a set z: : ..\ oo que nee. Tvo hundred (200) 
nucleotide boceo or leoo cf e promoter sequence nay be 
3uf f icicnt to xeintiia proxotor function. It should also 
be recognitor that scr.e upo troas DXA sequences can be 
arranged in eppcoite orientations and still retain or 
demonstrate enhanced promoter function. In addition, 
"enaancer-iil:s" ^ICA sequences, which are usually small 
conserved Ziz:* sequences ringing in else froa leas than 10 
nucleotides to cens^derebiy Isrger nunborc of nucleotides 
nay also bo inserted into pronotor regions to enhance 
expression. 

It a*y eloo bo des ireblii to include) com intron 
sequences in the prcnotcr ccnevtsrscts since the inclusion of 
intron sequences in the ceding region nay raault in 
enhoir-ccd cerpreseion end specificity. Thus, it aay be 
advenij_c;oous to jOio the ooiruoneeo to bo asprossed to 

a prcceceer sequence that conteiaa the first intron and axon 
sequences of a nclypeptids trhich is unique to cclls/tlsauca 
of a pl*mt csecatiel fer poller, fcrooetioa and/or function. 

Additionally regions cf ceo prccotcr nay be Joined to 
regions fre- a different promoter ia order to obtain the 
desired propter activity. Specific cnesrples ot chixeeric 
prosotor constructs are the chimeric prcootors contained in 
the vectors PAL 1107 and ?AI* 110S. 
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'* : " ' *"■" " "" 3 *- =J --«>" specific promoter (or 

!!!!!l t r! iVa ° r -"-- ciile vhicfcever is selected to 

^.--c.ct: a -"--=—--•-•-.- y..A r.olecuia of the invention) 
~r.ct.on :o t.-.ar su.^icie.-.t ievals of anti-sense ?ju are 
provided to Potentially interfere with the expression of 

rr!- Se -f* CC "°* r - v/2 -- i ^ tion3 o£ the sachaniam of anti- 
sa..se a:.^ -nniiition of gsaa expression in xodel systems 
ug^-otod t.-.i; eruai or greater than equal levels of 
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ansa .c:a aay b= required in ord 3r to observe a 
significant raductiaA of „.-.« gano activity. How<lv . r/ in 
SMO " 3M Lz ~ iow i a vei 3 of anti-sens, rka 

can nave a .pacific ruction in 3 en 0 o geno activity, 
.hsrefora, in sor.c .nct^co*. if tho scnaa can. that i. 
tarred for infi czivtsio.i iy ar.ci-aanso K» ia a gen. that 
.ound to to eoocntial fcr tha continued dav.lopmant or 
■tion of Hi ^et^oiiciily content calls, or a gen. 
t..at exjraaaad in ,11 call -ypca at a lov l.v.l, an 
excooa tr-ti-ae^a a::.. K -y Mt ^ re^^ for 

^.xaition. Additionally Iocs then total reduction of tha 
gena activity = », be =c ra tlwa aufficient to disrupt pollen 
davalopr.or.t uhich ia tea™ to bo vary canaitiv. to many 
strcasful conditions. Vncraforo, it i 3 suggested that tha 
pollen apeciJic r-crator thct io uacd to carry out certain 
aapeetta o2 t;:i = inveniior. bo choaea based on tha 

° a !!r!^°'"_: ; ~" iX ! ii=:l ^"Ae ?ro=ctor function, to 
ce.-c.cz t.:c c^rc^dicn aay zc~.isr.coc adjacent to it to b. 

"* a 'n!r W ' C Z1=,Z or ovcriapa tho period 

°f_ t: ^" t: "*° =c "- a S2r - = - ou S- v i- to ba inactivated la 
e.^racaad end taa~ ~;-. a icvclo of aati-soaa. RSOk expressed 
fron th. anti-sena. ger.a bo of lev.la sufficient to inhibit 
tho sanae gona es^sszioa. usually to seas greater than or 
e~oal to tho levels o2 eensa rciA. 

3y using a pollen specific proaotor to regulate th. 
expression of aa anti-sonsa gono, it ia possible to 
intoxfero vita for exasrUa, r.or=ai eicroapore developoent 
in any givon plaat, without having firat to isolate fro- 
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tr.o generic of the plant a scneo gone which is 

essential to sicrospcra i:v:.c ? -n^ Thus, a M l a sterile 
plant c & 7 so produced vi::^ the cense gene targeted for 
intarference is a cer.e that is essential for the 
5 development: and/or f-nct_sn cf ail symbolically competent 
cells/tissues. To crccuc- & asie sterile plant, such a 
gone is specifically .r.:ar:=rc<; with by using a recombinant 
DMA molecule containing a pollen specific promoter to 
regulata tea transcription of the ar.ti-aonse gene. 
0 Furthermore, a r.ale sterile plant may be produced by 

growing a plant which has a recombinant OXA molecule 
comprising an anti-csnso gone to a gone which confers on 
calls of a plant rosistance to a chemical agent or a 
naturally occurring or artificially induced physiological 
5 stress and a pollen specific proxotor. The transcription 
product of tho ant.-3o.-zo geno vill interfere with tha 
expression cf the sense c:- in colis/tiscuoa essential to 
pollen formation anc/or function. Tho sense gsno confers 
on tho reminder of the plan- resistance to tha stress. 
> in order to interfere with tho expression of a sonse 

gano, it is preferred thet tho anti-senca go no and sonae 
gene be c—.roesed et ascet the seesc tis». Tho co-incident 
expression cf cer.ee and er.ti-.er.ee gence cey bo achieved in 
a verioty cf -eye ueinj ccseolne/tioGe of constitutive, 
inducible and ergon specific pronators (for example, a 
pollen . spceif 1c prc-etcr ee heroinicf oro doacribod) . 
Kovovcr^. co-lnclderrc expression say bo readily achieved by 
regulAtinr; tho expression of tho &nt:i-3©Me geno with tha 
sana promoter thet controls the sense gone, thorcby causing 
both to bo trenecri^cd in tho ssese tisa f rosso. Thai concept 
of regulating gene expression using onti-conso genes is 
described in ^cintrcuu, H# ct el., .Vitlscnse R3A as a 
solccular tsol f c.r r-rrtlc analysis . Raviava - Trend* in 
Genotica, Vol. 1(1) 19C5. 

It ia prcforejio that tha reccsibinnnt DUX aolecule 
containing an anti-cense gsna of tha invention further 
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contain .one or -.ere eeleet^er. r.arker rsrxs which encode a 
selection gene jrecue: vh_sh ccr/'sr- on coils/tiseuea. of a 
plant resistance to - chemical agont or physiological 
stress, such that p-ar.t ceils transformed with the 
5 recombinant 2:?A molecule cr plants containing such 
zran3i0rr.ee plant ceils -jy easily selected using a 

selective agent. Any effective selective agent for which 
a resistance gene has bean identified nay be used to select 
transformed plant ceils. The selective agent used to 

10 select plant ce*ie trir.c:oi-.2i with the recombinant DNA of 
the invention could -c said to f ail vithin two broad non- 
mutuaiiy exclusive categories, a chemicai agent and a 
physiological stress. ~::emplss of selective agents which 
may bo used to select plent ceile era herbicide* , 

15 antibiotics, tc;:ie substances end plant diseases, in 
particular giyphosete, chlorsuif uroa, kananycin, 
hygromycin, methotrexate , and bieonycin, and 
p ho s phino t r ic in . Preferred selection aarker gonao which may 
bo uecd in the present invention to facilitate selection of 

20 transformed ceils include the gene encoding tha enxym* 
hygromycin phosphotransferase conferring resiatanc* to 
hygromycin crx, the c:.s;cc neomycin phcephotranafexaa* (NPT 
II) which ccr.l'ere resistance to ^terr/ciri. 

Ctieezpiee of selective amenta vhich =uxy b« used to 

25 select male sterile plants produced ueiag a recombinant DMA 
molccula o2 the ir-vent-cn include a chceticai agont, such as 
a hsrbiside, rhlch could bo used cn a ccretcrcial scale. 
Smairpico. c£ herbicides for vhlch a roalGtanco gon a frm br«n - 
ident ified vhlcb may be useful as Go lag.tig»— agon t:* fo y_ 

30 plants axo giyphecato (described in Co=ni, L., Facciotti, 
D77~Hiatt, t5.r..T W*e=pc33, G., r.oac, a. 2. , Stalkor, D. H., 
19S3, Xaturo, Vol. 317, Pares 741-744), chlorsulfuron 
(doacribod in I-I^uchn, G. a., end Somervillo, C. R,, 1986, 
Kol. Gon. Genet., Vol, 2iC, ?agoo 430-434) and 

35 phoaphinotricin (iluxaJcarii 7, et al, Kol. Gen. G«n«t. 205t 
42-50, 1986). 
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Ger*e- or.cc^*:.; prct^r.s or po 1 ypep tides that can 
provide a distinctive ^.•.:r.o:; r : i c cr»aricteriatic to plant 
cells such a- a gar.- that encodes a protein providing a 
distinguishable color or morphology rj> plant cells and 
5 ger;es which encode proteins which confer stress tolerance 
such as the -3tailothior.es gane May also be used as 
selection marker gar.es to facilitate the selection of 
transformed plants. 

7or a general reference on selective agents see 
10 Weising, X., Scheii, J., and Xahl, G. Ann. Rev. of 
Genetics, 22:421-^77 ;1S££). 

The selection marker gene may be expressed in 
particular ceils or cor.stitutively in the entire plant 
depending on the nature of the selection gene product. The 
15 expression of the selection marker gene(s) is regulated by 
one or more selection marker promoters. The selection gene 
marker promoters -.ay be isolated using techniques known in 
the art and include constitutive promoters such as CaMV 
35S. 

20 To facilitate selection of plant cells transformed 

with a recombinant Di;A molecule or male sterile plants 
containing a recombinant D^;a molecule it is preferred that 
a selection marker cer.e be contained in tha recombinant DNA 
molecule, most preferably linked to the DNA sequence 

25 contained in the recombinant D2CA molecule. Where the 
recombinant z:*X molecule contains core than ons DNA 
sequence it is preferred that each DMA sequence be linked 
to a different selection marker gene. It is contemplated in 
some embodiments cr the invention that at least two 

30 recombinant OKA molecules bo used to produce a sale sterile 
plant and in such embodiments it is preferable that each 
recombinant 32£A moiacula contain a selection marker gene 
preferably linked to the DNA sequence. 

In a hybrid seed production scheme where there are 

35 alternating rows of male sterile plants and male fertile 
plants, it may be advantageous to carry out the final 
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soicctior* of r.aie :':;;ilc: in the field alongside the xala 
fertile icr.crs . Therefore it is desirable if the suitable 
^ala fertile denorz zrz previously transformed to 
resistance to the selective agent to avoid having to 
5 selectively z^ply the selective agent to the rows of male 
sterile plants. 

It is to be understood that a plant sought to be 
rendered .t.cIg sterile need not be transformed with a 
selection marker gene that confers rosistanco to a chemical 
10 agent or a naturally occurring or artificially induced 
physiological or chemical stress if this gene is native to 
the plant. 

The recombinant mo 1 ecu is containing an anti-sense 

gen a of the present invention pre ferzb ly also contains a 

15 termination s zcjucr.es and/or other trznzcription regulation 
signals. 2«zmeizz of termination zo<ruonco3 which may be 
u3ed in the recombinant Z..X zelccules of the invention are 
the no 3 termzr.ztcr found in pKAJ-221 ( Clonetech 
Laboratories, Palo, Alto, CA) . 

20 A detailed description of tho isolation and 

identification of sense genes '^hich aro only expressed in 
cells /tissues of z plant that zro eesontial are essential 
to pollen formetisn end/or function and pollen specific 
promoters is zct cut beievt 

25 To isolate sense cenos vhich aro only expressed in 

cells /tissues oZ z piznt thct zro essential to pollen 
formation end /or fur.sticn end pollen specific promoters , a 
genomic* librssry of pizr.t D:i?* msy bo cons true tod £roa DNA 
isolated froa fresh young iezves according to standard 

30 methodology ("sl-cd -r cloning, s. laboratory Manual 
Jianiatis, T. , rr-tzeh, 3. sad Sanbrocko, J., Cold 

Spring Harbour laboratory, Cold Spring Harbour, Now York, 
1932) and screened vith probes dorivod froa several 
tissues, ono of which is cade froa R3A specific to 

35 cella/tisauso of ^ plant thst aro ossential to pollen 
formation and/or function (hereinafter referred to as 
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probes -hould ba sede from 
; ,i- to rsprocent genes 
plant that vouid not ba 
that crc expro-sed in 
5 cells/tissua: o i a plant that aro essential to pollen 
formation ar.c /or function. Zxar.plas includo but are not 
United to such tissues d3 lsaf, roots, soada, stigma, stem 
and other organs. Some ge^es are expressed in ail tissues 
and some only in a restricted nuciber o2 tissues, by 
10 comparison of cany plant tisaues it is possible to isolate 
genes expressed exclusively in cells/tissuos of a plant 
that ara essential to poiian formation and/or function. 

Pollen specific -.ey ba isolated Zxoz. coiis/tisouea 

of a plant that ara essontiai to pollen ioraation and/or 
15 function that are it the oariy to late uninucleate stage. 
Although it is possible to isolata pollen specific RNA at 
other etagaa, isolation cf tho pollen specific RliA may bo 
technically difficult at earlier dcvoiopcontal stages; 
older colls -.ay have lir.itsd nuclear gene activity; and, 
2 0 promoters xay not bo suitable £or uao ae described in the 
present invention. For a detailed description of tho 
isolation of pollen specific ceo Zsonpla 1A nor e in. 

Pollen specif ie rCiA -.ay bo laboiicd for tho purpoao of 
detection. I; ia convenient to =a^o radioactive cDHA by 
25 using tho pollen cpociiic ctjZ ATV revcrea trenacriptaao 
in tho presence cf rondo- hoxar.ucicotido priccra and alpha- 
[ 32 P ] -dCTP • ProbCw aro u;iod for hybridixation to 

nitrocellulose plaqua lift 3 cf plates containing tho clones 
of tho gonosic library. Clone a that can bo identified as 
30 strongly hybridising only to pollen specific cKI* and not 
cDHA from any other tiaeuo oxaslncd aro choaon. Thoao 
clonoa aro piccue purified and grow for DHA isolation. 
Alternative techniques* for caaipulation of Din and aa 
veil aa rccosibinant Din, greying and isolating clonoa can 
35 bo found in standard laboratory nanuala, auch aa rolecular 
Cloning, A Laboratory Manual (Xaniatia, 7. $ Fritach, B. P., 




and Sa^broo^ , J./ Cole* Spring i-idroour Laboratory, New 
York, 1582 ) . 

Tor applications vhore the genomic 0*\*A sequence of 1*4, 
LIC, LIS or LI 9 fzem 2rf_:: ice r. r.pus arc used to carry out 
5 certain aspects of this invsnticn, the preferred method to 
obtain a senso gene that is essential to pollen formation 
and/or function is to synthetically produce a hocoiogous 
DNA sequence according to standard methodology (see Gait, 
M. J., 2d., <193 4> Oligonucleotide synthesis, a practical 

10 approach, pp 1-22, Z^L ?rec: , Oxford, U.K.)/ label the 
sequence for the purpose of detection and uao the labelled 
sequence to :cr:en a Lr~. : z \ zz. ,":>"u: genomic library 
produced according to tha ;r. at hods described. 

Tha identity of tho promoter and coding region of a 

15 given ganor.ic clone is determined by restriction mapping 
and hybridization analysis. This r.ay bo accosplishod by 
hybridisation of cD;:.\ pro->C3 fror, pollen specific RXA 

with restrict ion frsgs.snts of the cionoa Ln-rvobillzed on 
nitrocellulose. Restriction andenucieaoo fragaonta which 

20 contain both the coding region end regions of DKA on either 
side of the coding region are isolated by sub-cloning in 
appropriate vectors. Onco isolated, it is convenient to 
use techniques such es 31 capping and Dim sequencing to 
obtain exact coding regions and restriction sltoa within 

25 the sub-cloned DZIA. This analysis 13 easily accomplished 
once tho polarity with respect to gene transcription is 
lenovn. i 

Inrordor to datcrains tho polarity of transcription of 
a acnao gene individual restriction fragments may bo sub- 

3 0 clonod in cosreerciaily aveilebio voctors such as pGZV3, 
pG^14 ,or pG22222, pG^lM2 ( avail j^io froa Proaoga Biotech, 
Madison, Wisconsin, USA) . 3y using those voctors one is 
able to generate single stranded RHa probe* which aro 
complementary to on© or tho other strands of tho DUX duplex 

35 in a given sub-clono. Thsae strand specific probes are 
hybridized to oa3A, in order to establish tho polarity of 
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tranccri?ti.cn. Among :.:c:c probo3, one can isolate those 
proi>ss vhich hybridize with and hc-nc* ara complementary to 
the rJU.A. Uaing this in;cr=iticr, it is possible to clearly 
detammo from whit 2;;a strand of the double- stranded 
5 genomic SKA molecule the ;anco mRMA ha 3 boen transcribed. 

In order to delineate and isolate the promoter DNA 
sequences of a given rer.cr.ic clone the pGZX series of 
vectors can be ueed for the uni-directional deletion of 
sequences from thta individual sub-clonea in hybridization- 
10 protection experiments. Detailed doscriptiona of these 
experimental procedures can be found in a number of 
laboratory handbooks and in the manufacturers technical 
noto3 supplied with the pGZU scriea of vactora. These 
experiments will clearly cctij.Ush the promoter and coding 
15 regions of tho pollen specific genomic clonea. 

The :ccje.-ce of individual dolotiona in the pGSM 
vector- can bo determined ay didooxy sequencing of plaamid 
mini-prepe a a dascribod in tha manufacturer* a technical 
notes. Oeletion sub-clones that are deleted to very near 
20 tho start of transcription or specific reetriction 
fragnonta that encompass the promoter region or tha 
promoter region and the a tart of transcription are chosen 
for tho cona true t ion of gene a thct aro expressed only in 
developing microspores of poilon boaring plants. UeuAlly 
25 tho promoter fragment is ineorted up a tr can of a terminator 
cuch aa tho nor terminator found in pRAJ-221 ( available 
from QVpnctcch La-eoratoriae , ?aio Alto, CA) and specific 
restriction fragments which aro to be transcribed into 
ant i- acne o lUl^ aro inserted between tha proooter and 
30 toreainator sequence 3 . Tho entire c one true t is vorif ied by 
combination of acquonclng end restriction dlgoota . Tha 
antl-aonao gono thus coma true tod and vorif ied say be* 
inaorted in T-D:iA baeod vectors for plant call 
tr ana formation. T-DXA vactora that contain a selectable 
35 marker ara preferred. it la to ba understood that tha 
anti-sen** gono can bo constructed in a variety of ways 
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depending or. ths choica oi vectors, restriction enzpes and 
individual genes u::u, 7cr example, it may be convenient 
to insert restriction fragments intended to be transcribed 
into anti-sense .~UJA into a T-QZJA based vector to which a 
5 promoter and terminator structure have been previously 
added. Alternatively, it is possible to insert a promoter 
fragment upstream of a coding region and terminator that 
has been previously added to a T-DNA based vector. In 
addition, it may be desirable in some crops not to insert 

10 the an zL -sense gene into a T-DNA based vector but rather 
into a vsctor suitable for direct. DMA uptake. Promoters 
other than pollen specific promoters can be used and joined 
with specific restriction fragments of genes and 
terminators provided that these promoters function in cells 

15 and/or tissues essential to pollen formation and/or 
function . 

In accordance with a second embodiment of the 
invention, a method is provided for the production of a 
male sterile plant by transforming a plant with a 

20 recombinant d:;a molecule comprising a pollen specific 
promoter as here-inbaf ore described, and a DNA sequence 
which encodes a csna product which rendBra a cell/tissue 
essential to pollen formation and/or function susceptible 
to a chemical arjant or physiological stress. Such a 

25 recombinant DZCA molecule can be introduced into a plant 
wherein ail the cello of the plant in which the recombinant 
DNA molecule is not expressed are resistant to the chemical 
agent and/or physiological stress. 

In accordance with a third embodiment of the invention 

30 a method is provided for the production of a male sterile 
plant by transforming a plant with a recombinant DNA 
molecule comprising a pollen epecific promoter as 
hereinbefore described and a DMA sequence which encodes a 
protein or polypeptide which is cytotoxic to a cell which 

35 is essential to pollen formation and/or function. By 
substance which is cytotoxic to a cell is meant a substance 



that y;.cn active a^aturaa tho r.onui -function of a plant 
ccU/ticauQ preferably leading to C3ll death . Any 
cytotoxic sujctu.-co vhich is kno'-i; to b2 encoded by one or 
r.oro identifiable z:;:> ccrucrxaj may be employed within the 
sccpo or erjod^enr cf tho invention/ including but 

not limited to ricin, abrln and diphtheria toxin. ^ *v\m , 
the DXA sequence -ay encode any substance wh.'_..h is 
cytotoxic to a cell that ia essential to pollen formation 
and/or function including the genes encoding ricin, abrin 
and diphtheria toxin. 

In addition to ON A sequoncas encoding cellular toxins 
such as ricin, abrin and diptheria toxin, the recombinant 
DNA mol ecule of the prese nt invention aay encode ether 
cytotoxic subatances including degrading or destructive 
enzy7.ee such ribenuciease^, DMAcq, riboxyaea, lipaae, or 
prdtcaso , subetancas that disrupt or do-stabilize 
cytoplasmic integrity such aa polylysina or poly-proline, 
sub3tancas that disrupt or co-at&billsa protein* or 
polypeptides which arc sciential to certain bioaynthotic 
pathways in plant ccile or interfere with the expression of 
such protoina or polypeptides. 

In accordar.ee with a fourth caibod 1 mant of the 
invention, tho r^ccubinant DMA coieculo cay coaprls*) one) or 
mora DMA sequences vnich encodo a gono product which 
rsndors a non-to=ic substance cytotoxic to a coll/ti«eu« 
which ic essential to pollen fo ma tier, and/or function. In 
paxticvAar, any idontiflabio OZIA sequences encoding gene) 
products which con convert a no n- toxic to a cytotoxic 
subctonca can be employed within tho scopo of the 
invention. Sxarrpics of cuch OKA soqu«ncos Include) the 
following i 

a) Dllft sequence a which encode* indole acetamida 
hydrolase ( I anil) which conve rt a ncphthalono acatanlde) to 
the plant gro-rth regu lator alpha naphthalene* acetic acid 

( MA A) which la toxic to dQVjalQalao_ppllo a grains, or 

convert* indole acotaalda to indole acotlc acid (IAA) which 



i 3 a plant crG";^ r ^.^or . Cr.o scurco of the enzyme laitH 
is tho-- b&ctsriua tur.3*g:siens (Inze, D., at 

al, 1584, Koi. Gen. Genet. !S<;2o5-74). 

b) DNA sequences w.->lch o.;code tho enz ya e methoxlnlne 
S de hydro go na-e w r.icA converts no n-toxic_ 2 - amino - 4-^ 

- Qt h oxy^but an oic ac id aez /.axi nine ) t o toxic me t ho xyvi ny 1 
glycine. Gno 3 our c a of HZll i3 the bacterid Pseudoaonaa 
aeruginosa (Karcraff, R., 1930, Sxperimentia 36i 

486) . 

IQ C j sequences which encode the enzyso rhizobitoxine 

synthase which convert 3 2-auino-4-methoxy-butanoic acid to 
rhizobitoxino ( 2-anino-4- [ 2 -amino- J-hyciroxypropyl] -tram- 
3-butanoic dcia) . Cr.a scurca of the enzyme is the 
bacterium ahi^obiivn 1 :.*onic^ (Owona, L.O., at el. , 1973, 

15 Weed Science 21: S3-SJ). 

d) DNA sequences which encodo tho tissue specific 
beta-giucuronidase ar.-yr.^ which for wZ^pia converts a non- 
toxic anaicc o f clue uremic acid _con_*_u;ato d to a toxic__ 

20 ( w-[phosphooathyl]giycino) to cytotoxic j*^ataaoeaj^h_aa_ 
chloramphenicol' and c ir^hoa a; to, respectively. ~ Otnor toxic , 
s ubatancaa may"bo""con j ugjTt_ad_ to g 1 u curon i c aci d_ to p r ° ^j 1 <*e 
a non- toxic analog of : glM^or^cjWid. 

Whore tho non- tonic sujwtar.es> dooa not occur naturally 

25 in the plant coil into which the roco:=biaant DHA moleoilo 
o f the f ourtn e=jodi=eat c * tho invention la to bo 
introduced, t*\o nsn-tc~ic eu^atcacc ray bo introduced into 
tho plant cell by graying, vatoring or othor similar 
means. The non-toxic cubstancc cay bo producad in the cell 

30 by providing ia tho rcco:tbinant uVJl oolcculo having a DMA 
sequonco which encodes a geno product which renders tho 
noa-toztic eubctaaco cytotoxic to tho coil, or ia a second 
recombinant DZVi colaculo, a socond DZZ soquoaco which 
encodoa tho non-tosic aubat&aca. gho_jxoa^tp*lc sufrataaco 

3 5 nay also bo introduced into t ho cell by e rovidlng- *^- tn *-— 
recombinant DXa col ecu la having * DHA jioq uoaco wh ich 



encodes a ?nduc t -hich renders tna non-toxic 

substance c^otoxicTo ^ c .ceil ,_or" in "a" second recombinant. . 
DNA' moiecula, a c^cor.a seeuence which encodes a gene 

product which co.-.vsrts a. substance which is endogenous to 
the cell to the r.ca-toxie substance. For exa mple, a cell 
may contain a recombinant DNA molecule having a DNA 
sequence which encodes ' IaaH (which converts indole 
acetamida to cytotoxic levels of indole acetic acid), and 
a second recombinant DMA molecule having a DNA sequence 
which encodes :amS. Iam5 converts tryptophan which is 
generally" endogenous to plant cells, to indole acetamide 
which in turn is converted by lamH to cytotoxic levels cf 
indole acetic ^cid. 

The roccmb-.-.-r.t d:-:a molecule comprising one or more 
DNA sequences which er.coda a gene product which rendera a 
non-toxic substance cytotoxic to a ceil/tissue which is 
essential to pollen formation and/or function additionally 
contains one cr more promoters to regulate the expression 
of the DHA sequences. If__there is more than_ one_DNA 
sequence in the recombinant DNA molecule the expression of 
the D.\-A sequences r-y ia Wr-lated by an identical promoter 
or the expression o£ each d:;a aaquor.ee say be regulated by 
a different promatar. Preferably tha expression of the DNA 
sequences is .--guictcd by a pollen specific promoter as 
hereinbefore described so that tha gana product which 
renders a non-toxic suistar.ee cytotoxic selectively 
interferes with tha function and/or development of cells 
essential to pollen formation and/or function. Where the 
non-toxic substance is introduced into the plant cell by 
providing a second rwoablsut DNA molecule having a second 
DNA sequence encoding a accor.d gene product which convert, 
a substance which is endoganous to the cell to a non-toxic 
substance, the expression of the DBA sequence and the 
second DNA sequence may ba regulated by either a pollen 
specific promoter, an inducible promoter or a constitutive 
promoter so long as there is selective interference with 
the function and/or development of cells essential to 
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poller* fcr^-zid ar.d/or f unction . Prefer^./ the expression 
of the sc^er.ca c-ccir.r a gene product which renders 

a non-toxic s-jc^uCj cytotoxic is reflated by a pollen 
specific promoter and the expression of the second DNA 
5 sequence encoding a cpr.o product which converts a substance 
which is endogenous to the cell to a non-toxic substance ia 
regulated by a constitutive promoter, an inducible promoter 
or a pollen specific promoter, most preferably a pollen 
specific promoter. 7or a .-ore detailed discussion or the 

10 above-mentioned promoters reference may be made to the 
discussion of promoters in reference to the recombinant DNA 
molecules containing anti-sense genes. 

In accordance with a fifth embodiment of the 
invention, the recombinant d:;a molecule comprises one or 

15 more DNA sequences which encode a gene product which may be 
converted into a substance which is cytotoxic to 
cells/tissues essential for pollen formation and/or 
function . 

The recombinant DXA molecule of the second, third, 
2 0 fourth and fifth embodiments of the invention also 
preferably further contain one or more selection marker 
genes as hereinbefore described and termination sequences 
and other transcription regulation signals as hereinbefore 
described. 

25 The following description sets forth, in general 

terms, the 3tepc that can be employed to produce plants 
which are maie sterile or carry the male sterile trait, 
using the recombinant DXA molsculas of the invention. It 
is to be undor stood that thoca various steps may be 

30 accomplished by a variety of different procedures. In the 
following description of procedures/ alternative ways to 
accomplish tht»^e steps are disclosed. Preferred procedures 
may be detailed below and in tho examples. However, it is 
contemplated that other variations will be apparent to 

35 those skilled in the art. 

The recombinant DUA molecules of the invention may be 
used to produce a plant which is male sterile or carries a 



male sterile trait, according to the following preferred 
steps 2 

(1) Introducing cne or "ore of the recombinant DNA 
molecules, as contemplated herein ror carrying 
out the invention, into the genome of one or more 
plant ceils, of a plant selected from those 
species of pollen producing plants which are 
capable of being genetically transformed, 
preferably call* from which differentiated whole 
pi ant 3 may he conveniently recovered; 

(2) Selecting « plant ceil into which the recombinant 
DMA molecule ( 3 ) i3 stably incorporated; and 

(3) Regenerating from the selectad plant cell a plant 
which is male sterile or carries the male sterile 
trait . 

A male sterile plant may be preferably produced by the 
above-mentioned steps by using the following recombinant 
DNA molecule? of the invention in step (l)i 

a) A recombinant D^JA molecule comprising a DNA 
sequence which encodes an RNA which when produced 
in a cell of a plant which is essential to pollen 
formation and/or function interferes with a gene 
which i3 essential to pollen formation and/or 
function and a pollen specific promoter or a 
constitutive promoter; 

b) A recombinant d::a molecule comprising a DNA 
sequence which encoder an RNA which when produced 
in a cell of a plant which is essential to pollen 
formation and/or function interferes with a gene 
which is essential to the continued development 
and/or function of all metabolically competent 
ceils of a plant and a pollen specific promoter; 
and 

c) A recombinant DNA colecule comprising a DNA 
sequence which encodes a protein or polypeptide 
which when produced in a cell of a plant which is 
essential to pollen formation and/or function is 
substantially cytotoxic to the cell or renders a 
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r.Cu-tcnc substance cytotoxic to the ceils, where the non-toxic 
subsrance is introduced into the cell by converting a substance 
endogenous to the ceil to the non-toxic substance, and a pollen 
specific promoter. 

5 A plant carrying a =iie sterile trait cay be preferably produced 

by the above mentioned steps by using the following recombinant DNA 
molecules of the invention in step (1): 

(a) A recombinant DNA molecule comprising a DNA sequence which 
encodes an S-NA which when produced in a cell of a plant 

IQ which is essential to pollen formation and/or function 

interferes with a gene which is essential to pollen 
formation and/cr function and an inducible proaoter; 

(b) A recombinant D:«'A aolecule comprising a DNA sequence which 
encodes a protein or polypeptide which confers on a cell of 

15 A plant rasistanca to - chemical agent or physiological 

streas and a pollen specific proaoter; and 

(c) A recombinant Z;IA molecule comprising a DNA sequence- which 
encodes a protein or polypeptide which when produced in a 
ceil of a plant which is essential to pollen formation 

20 and/or function renders a non-toxic substance substantially 

cytotoxic to the call, where the nontoxic substance is 
externally applied to the cell, or where the non-toxic 
substance is introduced into the cell by converting a 
substance endosenous to the cell of the non-toxic substance 
25 and an inducible proaoter controls the expression of the 

protein or polypeptide which converts the endogenous 
substance to tao non-toxic substance. 
A plant carryins a sale sterile trait aey be rendered aala 
sterile by exposing the plant to a sterility actuating agent which for 
30 exaapia it an inducer in the caso ^of (a) above, a cheaical agent or 
physiological stress in the case of (b) above, or a non-toxic substance 
which is capable of bein3 renderad cytotoxic (i.e. a cryptocytotoxic 
substance) to a cell which is essential to pollen formation and/or 
function in the caae of (c) above. 
35 K recombinant d;:a aolacule aay be introduced into a 

plant cell by any one of a variety of Jcnown method* 
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preferably by first: ir.ccriir.-r tho reccribinant ONA molecule 
into a. suit.ablQ vector ind then using the vector to 
introduce the recor.binant r,XA r.oiecule into a plant cell. 
As hereinbefore described a recombinant DMA molecule may 
5 additionally contain a selection marker gene which encodes 
a selection gene product which confers on a plant cell 
resistance to a chemical agent or physiological stress, or 
confers a distinguishable phanotypic characteristic to the 
cells such that plant cells transformed with the 

10 recombinant :XA molecule may bo easily selected using a 
selective agant. Transformed plant cells thus selected can 
be induced to differentiate into plant structures which 
will eventually yield vhola plants. 

The use of Cauiiflowc-r Mosaic Virus (CaXV) (Howell, S. 

15 h., st al, 1330, Science 2CS: 12S5) and gaaini viruses 
(Goodrian, A. II. , 1S81, J. Gon. Virol. 54i 9) aa vectors has 
been suggested but by far tho craatoat reported successes 
have been vith .\rrob icteric cp. (Horcch, R. 3., et al, 
1985, Science 227: 1223-1231). Xathoda for the use of 

20 A arobr.ctori^r. basad trana f orcition systems have now been 
described for =iny different secciea. Generally strains o£ 
bactoria aro uccd that harbour modified vorsion* of the 
naturally occurring Ti plaaraid such that D3A is transferred 
to the host plant without tho subsoquont formation of 

25 tumours. Thseo sothoda involve tho insertion within the 
borders of tho Ti plasaid the D:-\ to bo inaorted into the 
plant _2cnoco linked to a oolcction mark e r gene to 
fatilitato selection of traMforsod colls. Bacteria and 
plant tissuoc are cultured together to allow transfer of 

30 foreign d::a into plant coila then trans foraed plants are 
regenerated on selection =c4ia. Any nucber of different 
organs and tic suae can servo as targets for Aoxoivacterlua 
mediated transforation ao described specifically for 
members of tho r—r^lc&c-co. Those include thin cell 

35 layers (Chaxost, ?. J. , et al, 1988, Tfcoor. Appl. Genet. 
75i 438-444), hypocotyls (DeBlock, M. , et al, 1989, Pleat 
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Physiol. 91i 534-701), Icfii di3ca (Pcidoian, X.A., and 
Maries, M . D . , 1335, Plant 3ci. 47i 63-69), stems (Pry J. , 
e: dl, 1337, Flint Call Aapts . Si 321-325), cotyledon* 
(Moloney K.K., ai, 1939, Plant Call Ropt* 8t 238-242) 

5 and embryoids (Xeuhaus, G., et ai, 1937, Thoer. Appl. 
Genet. 75: 30-36). It is understood, however, that it may 
be desirable in so-.o crops to choose a different tissue or 
method of transformation. 

It is also understood that the successful 

10 transformation and recover/ of a plant that contain* these 
recombinant sequences rr.ay not always result in appropriate 
pollen specific expression. The transformation procedure 
results in the random insertion of foreign D2iA such that 
"position ef-Zecta" may override and su^zocm the activity 

15 of any introduced DXA. It 13 thus advisable to generate a 
nusiber of individual tranjformod plants with any 
recombinant construct in or dor to recover individuals free 
froa any Uniting position effects. It nay also be 
preferable to select plants that contain more than one copy 

20 of the introduced recombinant DXA colecule such that high 
levols of expression of tho recombinant molecule are 
obtained. 

It is Jaio^n that tha n-a^bor of spec lea of plants that 
have boon successfully genetically transformed still 

25 represents a codoiw percentage of tho total number of plant 
specioo that aro of potential co=orcial interest* It la 
truo, ..^svovor that tho number of spec lee that have been 
tranolorssd hao increased ctoadlly and there) ie every 
reason to oxpec* that transformation systeaa can be 

30 developed for any crop cf interest la due course. Routine 
transformation wait initially achicvod vit^ spaciee frost tvo 
plaiit f anil loss Solanccnac and Srasalcccosa . Examples of 
species of coraerclal interest froa with In those families 
that, have been trans formed inc lude t tobacco , Mlcotlana 

33 tabacua L. tomato, Lycopersicon osculentua Kill, potato, 
Solanua tuboroaus L . , and petunia , Petunia hybrlde 
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{ Zcl: ) ; Canola/ Rapc-ccd , 2ra: sisa r.-puc L . / cabbage, 

broccoli, xiio ace, Zxr-zLcz. olcri::^ L. , mustarda, 
Ersr-lc. ;;.r.:c£ L . , 3r ar,.: ici r.igr^ L . , and Sins pis alba L . 
( Sraa - icccccs ) . 

5 Racantly transformation ha3 been r a ported of 

commercially important 3peciea zroai other zoalllaa auch aa 
sugar beet, 3eta vu 1 c i r 1 c , ( Chonopocliaccfia ) , cucumber, 
Curcurbita sp. ( Curcurbitsccio ) , cotton, Gocayplua ap., 
(Maiv£C3ae), sunt lower, He li an thus snr.uua and lettuce 

10 Lact-:ca sotiva, ( Ac t ^r^c-pac - Co-oosltas ) , and pea, ? la urn 
sativum , soybean, Glycine -a;; and alfalfa, Medicago ap 
( ?&b-*c2^c » LctrLLT.ir.o-3n ) . Trans f omaticn has alao boon 
achiovod with tree species such aa poplsr, Pc^ulua ap* 
( Salic :c;a: ) <;nd walnut, Jugl-r.r: nicrn, ( Juclandacaac ) . 

15 Transformation success with aonocotylcdonous species 

has not progressed as rapidly, sinco these species are 
generally not very susceptible to A rr o b r. c 1 3 r i ua mediated 
trans formation. Hovovor, progress which has been 

noteworthy includa* ^sparcgua , ;.:pirirus of f icinalla j 

20 gladiolus, Gl-r.dioius sp.,( ^llaccia ); corn, Zea may a and 
rice, Pry- a riti vn (Z£1£2£J2) • roccnt discovery that 

transformation with Aerobes tcriun can bo accomplished by 
infecting ^originating scads without the requirement of 
regeneration frosj call culture ( Chco , P.P., ct al. , 1989, 

25 Plant Physicl. 91t 1212-1213) opens now horiione for 
species that z^y be difficult to regenerate. Additionally, 
widespread studies on the us a of particio guns to transfer 
microprojectiloo coated in DICA into plant cells of species 
that are net rocdily susceptible to othor methods holds 

30 great prociso. It is expected that the present invention 
may be carried out with any one of the above species and 
with any othor species that Is capable of being genetically 
transformed. 

The cost widely used and goner ally successful methods 
35 of introducing forolgn OKA into plants are dependent upon 
the use of an infectious agent, auch as the Aarobacterlum 
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ti^-^.-.clrr. - Ti plasmid, as a voctor for delivery of the 
foreign DMA a: hereinbef ore described. However, it may be 
possible to use other methods, as veil. Other methods that 
h^ve been employed involve mechanical means such as direct 
5 d:ja uptake, lipcccr.03, electroporation (Guerche, P. at al , 
1937, Plant Science 52 i 111-116) and micro-injection 
(Nauhaus, G . , ct al, 1987, Theor. Appl. Genet. 75 t 30-36). 
Recently the pojsibiiity of using micropro jectilee and a 
gun or other devise to force small metal particles coated 

10 with DMA into ceils has received considerable attention 
(Klein, 7.K. et al . , 1987, Nature 327t 70-73). To date 
success with this and other mechanical cethods has not been 
widely reported. The method of choice will be dependant on 
the particular plant species and will bo apparent to those 

15 skilled in the art. In those plant species where a 
successful trans formation has not yet been demonstrated, it 
is anticipated that any new method of transformation 
developed may be used to insert the recombinant DMA 
molecules of tho invention and the actual method of 

20 insertion of the gcr.es will hava little or no effect on the 
functioning of the crop production systems described 
herein. 

It mcy also be possible to produce plants which are 
male storllo or carry tho nale sterile trait by fusing 

25 cells of a plant coll lino containing cells having one or 
more recombinant 3:iA molecules of the invention with cells 
of plant specioa that cannot be transformed by standard 
sothoda . A fusion plant coll lino is obtained that carries 
a gonstic component from both plant cells. Fused cells 

30 that carry the recombinant molecule can be selected and 
in many cases regoneratod into plants that are eale sterile 
or carry the male sterile trait. 

It is contemplated that soma embodiments of the 
presont invention say require that a plant cell be 

35 transformed with a recombinant D3A col ecu le containing at 
least two D2JA sequences or be transformed with more then 
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one reco^inint molecule. The D:CA sequences or 

recombinant DKA molecules in such embodiments may be 
physically lirJced, by baing in tho same vector, or 
physically separate on different vectors. A ceil may be. 
5 simultaneously transformed with Jiora than one vector 
provided that each vector has a unique selection marker 
gene. Alternatively, a ceil may be transformed with more 
than one vector sequentially allowing an intermediate 
regeneration step after transformation with the first 
10 vector. Further, it .-nay be possible to perform a sexual 
cross between individual plants or plant lines containing 
different D2IA sequence or recombinant DMA molecules 
preferably the o:iA sequences or the recombinant molecules 
are linked or located on the sar.s chromosome, and then 
15 select froa the progeny of the cross, plants containing 
both d:!A sequences or recombinant DKA molocules, 

where at least wo r-combinant DXA molecules are 
necessary to interfere with the function and/or development 
of a cell of a plant that is essential to pollen formation 
20 and/or function (e.g. a first recombinant DMA molecule 
contains a first D:iA aoguenco encoding a first gene product 
which converts a non- toxic oubstanco to e cytotoxic 
substance and tho non-toxic substance is introduced into 
the cell by means of a cocond recombinant 03* molecule 
25 which contains a second DMA sequence which encodoe a second 
gone product which converts a substance endogenous to a 
plant qgll to the non-toxic substence) , tho recombinant DMA 
coioculoa nny bo linXed to prevent segregation o£ DHA 
soquoncca required to produce the dooirod effect. However 
30 it is preferred that a male sterile plant line be produced 
by crossing two plant linos each containing one of the 
recombinant DIZX colccules which are not linked, which plant 
lines are otherwise isogenic. Sach plant line is 
preferably made homozygous, for the respective recosfcinant 
35 DMA molecules to ensure that all the progeny receive a copy 
of each of the recombinant DMA molecules. Further, in sos* 
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hybrid! action s char, a a discussed below, it may be pre for able 
to have tho rccpoctivs recombinant D?IA molecules located in 
the oiro chrocoso-a pair in each line. The choice of a 
chrc;i08o»7,a pair containing a first recombinant DNA molecule 
5 in one plant line may be predetermined, randomly, and the 
other plant line may be adjusted so that a second 
recombinant DNA molecule is located on the same chromosome 
pair. For example, to produce a plant line which is 
homozygous for a first recombinant DNA molecule, a 

10 chromosome pair, in which a second recombinant DNA molecule 
is located is identified in a plant lino, a transformed 
cell in which the first recombinant DMA molecule is 
incorporated on the identified chromosome pair is then 
selected, a plant is regenerated from the transformed cell, 

15 the plant is selfed, and a plant is selected which is 
homozygous for tho trait encoded by the first recombinant 
DNA molecule , and the number of homozygous plants are 
increased^ by selfing in isolation. 

Xethods of idantifying the chroooaomo pair in which a 

20 recombinant D2IA molecule is located and methods for 
producing hocozygotes axe discussed in detail below* 

As indicated above, it may be desirable to produce 
plant linoo which are homozygous for & particular gene* In 
some species this is accomplished rather easily by the use 

25 of anthor culture or isolated microspore culture. This is 
eopccially true for the oil seed crop araaaica napus 
(Keller. and Armstrong, Z. Pflanxensucht SOi 100-108, 1978). 
£7 using tnoco techniques, it is possible to produce e 
hnplold line tint carries the lncertod gone and then to 

30 double tho chromosome) number either spontaneously or by the 
use of colchicine. This gives rise to e plant that Is 
hoaoxygpus for the inserted gene, which can be eeeily 
assayed for if tho inserted gene carries with it a suitable 
selection aaxXsr gone for dotection of plants carrying that 

35 gene. Alternatively, plants may be self- fertilised, 
leading to the production of a mixture of seed that 
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consists of, in the simplest ciae, three types, homozygous 
(25%), heterozygous (50%) and null (25%) for the inserted 
gene. Although it is relatively easy to score null plants 
from those that contain the gene, it is possible in practice 
to score the homozygous from heterozygous plants by southern 
blot analysis in which careful attention is paid to the 
loading of exactly equivalent amounts of DNA from the mixed 
population, "and scoring heterozygotes by the intensity of 
the signal from a probe specific for the inserted gene. It 
is advisable to verify the results of the southern blot 
analysis by allowing each independent transf onnant to self- 
fertilize, since additional evidence for homozygosity can be 
obtained by the simple fact that if the plant was homozygous 
tor the i/.rcrted gene, all of the subsequent plants from the 
selfed s--3ed vill contain the gene, while if the plant was 
heterozygous* foe the gene, the generation grown from the 
selfed sce.d viii contain null plants. Therefore, with 
si^s.lo seising one can easily select homozygous plant lines 
that can also be confirmed by southern blot analysis. 

Two techniques may be used to produce plant lines 
which carry genes that segregate in a similar fashion or are 
on the sacie chrcaoaoES or a set of chromosome pairs- One 
may be a simple crobting strategy in which two trans formants 
that are homozygous for a single inserted gene are crossed 
to produce Fl *<»od. The progeny plants from the Fl seed (Fl 
plant goneratiga) may be crossed with a recipient plant and 
the abrogation of the two inserted gene» is determined (F2 
plant generation). For example, where the IamH and iaaS 
genes are the inserted genes, the Fl plants grown from the 
Fl seed will be male sterile. If the original trans formants 
are homozygous for a single inserted gene, when crossed with 
a non- trans formed plant to produce F2 seed, the F2 plants 
will be 100% male fertile if the two transformanta 
originally used for the production of the Fl 
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seed carried tha larJ-I and tha lamS genes on the iaa« 
c. w xo20cc2Q or in the s<ir.o iinxaga group. If the genes are 
in soparato linkage groups nr on diffaront cArooosoiaei, a 
variable degree of male sterility will be seen, in theory 
5 25% of tho plants will be mala sterile if tha genes 
segregate completely independently of each other. This 
approach allows for the solection of breeding linos from 
the homozygous trar.3;ormed plant lines that contain the 
lainS and lamH ganao which will segregate substantially 100% 

10 in the hybrid seed sold for commercial usa. 

An alternative strategy may maka uao of extensive 
genetic maps available for many commercially grown crops 
and tha many easily scoreable markers that are) known for 
most linkage groups or chromosomes. In aoca cases, linkage 

15 groups and chrcaoaomoa may be equivaiont, whereas in 
others, there may be more than one linkage group assigned 
to each chrozocome. Vhen thoro io a marker for each 
chrc203ocs, idantif ication of tha chro:?03oae into which tha 
recombinant gena has beon inserted is relatively simple. 

20 A croaa is made bo two on each individual traneforaent and a 
recipient plant that allow* for visualisation of tha 
marker ( s ) . 

If thoro aro scoroabl© markers that have) been 
localized to each of tho chroaoscaoa In to© plant, and the 

25 markers aro ocoroable in the gonoratioa produced by this 
croaa, one can localise tho segregation of the) inserted 
gone with the aarker, thereby establishing the chromosomal 
location of that gone. Thia thorcfore allow* for the 
chrorocosal or more importantly the linkage group with 

30 which tho inacrtod gons socprog&tos. Jinny crope auch as 
com, tocato and many corral crops have extensive) genetic 
maps that allow for tha identification of the chromosome 
containing tho inaortcd gono. It is conteaplstod that as 
more dotailod chroaoaoM maps are made, especially with the 

35 use of (restriction fragnont length polymorphism) 

maps, the assignment of inserted genes to particular 
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chrozo:oa63 will easily do done for moat commercial crop 
spocioc . 

A3 a ceona of confirmation, or in plant species where 
chromosomal ".trkar: ii3 not known, it ia possible to use a 
technique called culse-field eiectrophoreaia (originally 
described by Schwartz and Cantor, Cell, 37 t p67; 1984) Co 
determine if different transformed planta contain inserted 
genes on tha same chromosome. Pulse-field electrophoresis 
is a technique that can separate large DNA pieces, even 
chrofflosooAl size, into a reproducible pattern on a gel. 
When this is dono, it is possible to process this gel such 
tnat the chrocosome spots can be analyzed by southern 
blotting techniques, localizing the inserted gene to a 
chronoscM spot. whan tl.e entire population of primary 
trans fonnants are analyzed in thia fashion, it ia a simple 
task to choose the two trans formants that carry the 
inserted gone 3 on the sc^c chromosome epct. 

As hereinbefore mentioned, after the recombinant DMA 
moleculo(a) is introduced into the gonoao of a plant cell, 
a plant call having a recombinant DZiA molecule stably 
integrated in its gono=© is selected. This selection step 
may be facilitated by incorporating a selection marker gene 
in the recombinant 2V-\ colccuie such that plant cells 
transformed vita the recombinant DHA xcolcculo may be) easily 
selected ueir*g a selective agent as hereinbefore described. 
A preferred aolcction norkor gone ia neomycin 
phoaphQ^rane f era so (:;?? IX } which confors resistance to 
kananyoin er.i th« antibiotic G-418. Colls transformed with 
this col set ion aax^cor go no cay bo selected for by testing 
in vitro phosphorylation of kanasTcln using techniques 
described in tho literature or by testing for the presence 
of the miUU, coding for tha KP7 XZ gano by Northern blot 
analysis in RIIA from tho tissue of tho trans foraod plant* 

Expression of tho rec inbinant DXX aolcculee of the 
invention in transformed plant cells may be monitored using 
Northern blot techniques. Single stranded RMA probes which 
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are homologous to trdn:czi?:s of coding sequences of a 

recombinant Z.\X molecule ; s ) r.ay oa used to detect for the 
presence of the recombinant 3NA molecule in a plant cell or 
tissue so that the expression of the coding sequence can be 
5 ascertained. It is preferable to use agarose gel 
electrophoresis to separate transcripts according to size 
under denaturing conditions. In the case where pollen 
specific gene expression of the coding sequence is sought 
to be accomplished it is advisable to test for the 

10 expression oi the coding sequence in the cell type whose 
function and/or development is to be interfered with and in 
other tissues, such as leaves, roots, etc., so that tissue 
specific gene expression of the recombinant CNA molecule in 
such ceil types can verified. 

15 The presence cf a stably integrated recombinant DNA 

molecule in the genome of the plant cell may also be 
ascertained by using Southern blot techniques. In this 
procedure, total cellular or nuclear DNA is isolated from 
the transformed plant cr plant cell and preferably digested 

2 0 with a restriction enzyme, thereby giving rise to discrete 
fragments. These discrete fragments may be detected in the 
nuclear or total o::A of the transformed plant or plant 
cells by employing standard gel electrophoresis or 
hybridization techniques. 

25 The formation oi microspores in plants which contain 

the recombinant DNA moiQcuia(s) of the invention and which 
are male sterile, is first monitored by visual microscopic 
examination of the anther structure. As maturation of the 
flower occurs, anther formation is expected to be delayed 

30 or completely inhibited such that no mature pollen grains 
are formed or released. 

It will be appreciated that plants produced using the 
method for producing male sterile plants of the present 
invention may display varying degrees of male sterility. 

35 This may be a result of the nature of the plant cell 



transformed or c: the chance positioning of tha recombinant 
DNA molecule in the gencr.c of plant cell. 

The following description of the invention sets forth, 
in general terr.s, tha steps that can be employed to increase 
5 the nvxber of mile sterile plants and plants carrying the male 
sterile trait and to produce rastorer plants, hybrid seed, 
hybrid seed with restored fertility and hybrid seed yielding 
a mixture of -ale fertile and male sterile plants It is to 
be understood that these various 3teps may be accomplished by 

10 a variety of different procedures. In the following 
description of procedures, alternative ways to accomplish 
these steps are disclosed. Preferred procedures may be 
detailed belcv and in tha examples. However, it is 
contemplated that other variations will be appaxent to those 

15 skilled in the art. 

As horeinbs-f ore mentioned, the invention relates to 
hybrid seed having a gancna comprising one or more of the 
recombinant d:;a molecule; 3) of the invantion for producing 
plants which aro male sterile or carry the male sterile trait 

2 0 and to seed of plants grown from the hybrid seed. The 
invention is also directed to a mixture of fertile and sterile 
hybrid seed and to aced of plants grovn from said hybrid seed. 
The invention i3 also directed to hybrid seed having a gwnome 
comprising one or mora of the recombinant DNA molecules of the 

25 invention for producing a male sterile plant and a 
corresponding reztorar gono product for restoring fertility 
in the aacd and to oeed of plants grown from the hybrid seed. 

To produce hybrid seed on a commercial scale from a plant 
which is male sterile or carries the male sterile trait, the 

30 number of such plants must be increased or maintained and 
crossed with a suitable male fertile parent line. 

A plant which carries the male sterile trait may be more 
readily maintained because such plant will not self -pollinate 
unless it is treated with a sterility actuating agent 
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which renders the suostantiaUy sterile. For 

example, in a plant containing a recombinant DMA molecule 
having a DNA sequence which encoder a gene product that . 
renders a cell susceptible to a chemical agent or 
5 physiological stress and having a pollen specific promoter, 
the plant will be rendered substantially male sterile by 
treating the plant with an actuating agent, namely the 
chemical agent or physiological stress. Accordingly, 
plants which carry the r.alo sterile plant are preferably 
10 maintained by seizing, selecting from the selling progeny 
a plant which is homozygous for the male sterile trait, and 
increasing tha number of plants which are homozygous for 
the rr.aie sterile trait by fifing in isolation over a 
nurier of generations. Selection tor a plant which is 
15 homozygous for tha mala sterile trait may also be carried 
out by the procedures aiscussad above. 

A plant which is substantially male sterile is 
preferably maintained by crossing the male sterile plant 
with a suitable male fertile plant, obtaining seed from 
20 plants resulting form tha cros3, growing plants from the 
seed and selecting the plants which are male sterile from 
among the plant a grown from the seed. This process may be 
repeated over a nu^cr of generations until the desired 
number of maio s tor lie plants is obtained. 
25 A plant which carries tha male sterile trait may also 

be maintained by the latter method. 

To facilitate seiactior. o;f male sterilo plants in the 
"maintained" plants, the recombinant DNA aolecule(s) used 
to produce the male sterile plant ehould preferably 
30 comprise a selection marker gsne and preferably a section 
marker gene is linked to a DNA a*vjuence(fl ) contained in the 
recombinant DSA molecule as hereinbefore described. 

A suitable male fertile plant for the purpose of 
crossing with a male sterile plant to increase the number 
35 of male sterile a^y be, but is not limited to, a plant of 
the same inbred line from which the male sterile plant is 
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derived. In ccr.e ir.c:i.*.cc- rc.arrcci to below, aa in tor^nc a 
o: tho me*e otcrilo line cer. he produced eij.ply oy selfing 
in i sole tier.. 

According to e.-cther 3chcr.o tho r.uricr o£ male sterile 
plants .7.47 increased by cicr^i propagation using tissue 
expiants thereof, cr cthor ir. vitro propagation technique*. 

Where cost -3 warranted, and maintenance cannot ba 
readily accomplished as ciscuoecd abova, transformed plant 
colls may be grown in culture according to routine 
methodology to produce a ceil line. A cell line may be 
regenerated according to routina methodology to increase 
and maintain tho male sterile cell lina. Routino method* 
for culturing cell ii.-.ec ar.d regenerating transformed 
plants froa coil linee is described in etandaxd plant 
tissue culture hand becks. ( ?.\-.nt Tiarruc 2r.d C2II Culture , 
Green, C. Scesrc, D. A., Keckett W. ? . , and Biosboer, 

D. 0 . Eds, 1SC7, Alar. Lisc, Inc., New York, n^ecrisonta 
in Plr.nt CI-::""- Cv.l:' — ^ , DoddJ, J. H. and Ivobaartc, I*. W« 
-ds, 19S5, Ccr-jridge 'J.-.ivcrcity Proaa, or Ceil Structure 
and Scr.etic C'.ll ~ - : zLzr, Plantr , Vaail, I . K. , 

Scowcroit, W.r.., end 7rey ^ . J. , EcU . , 1954, Acadcaic Press, 
::aw York, of ?lir.~ CM Culture , Vol 1-4, Evan*, 

0. A., Sharp, T J. n., Arezirzto, p. v., end Yasada, T. 
Eds . , 19C4-13CG, IlwC-iiian, ;:cv York, lic-t^chr.oloqy in 
A-rlcultur-^ 7'- ' Vol 1 end 2, 3ajaj, T. P. S. Ed., 

IOCS, Spr inccr-Vcrlcg , z^erlir., or r 1 ar.t Prepare ion by 
Tlr~y,^ C*o. 1 ~* - " - n :'.eo r.:- rr.i< Oirrctor-r of Ccrsarc la 1 
:,cbc~-^o.-:i~- # Gccrge, E . and Sherrington , P. D. , 1984, 

Eaatom Proee , heading). 

Production o2 hybrid ec-ed M7 bo acccnpliahod by 
pollination of eieio etorilo plentc vita pollon derived frost 
selected said fortiio plants . Pollination can b« by any 
moana , including but not Halted to hand, wind or in* act 
pollination, or =:och<mical contact bctrocn tho ©ale fertile) 
and mala sterila plant. For production of hybrid seed* on 
a commercial scale in most plant specie* pollination by 
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wind or by ine.cts crc :rc:crr:i. Selection of plants for 
pollen cior.iw*or. ie deterr.ir.ed by -lir.uixc* crossing o£ 
differs." t plenee wit A subsequent analysis of tho progeny 
and selection of line 3 with tho i>est coabinir.g ebiiity and 
5 superior agronomic zreits. Restoration of fertility in the 
hybrids r>ay be accomplished by using the methodology 
detailed below. 

For certain crees of interest, 3uch a3 vegetables, it 
may only be the *civ::, stor.s or roots of the plant that 

10 are sold ccrenerciaily . There fora, even though the 
recosibinant ~:;a r.ciccu.a^) which renders the plant male 
sterile j-.ay bo inherited end expressed in the hybrid plant 
it is not necccccr/ to cvorcoza or restore sale fertility 
in the seed of tho hybr.d pi&nt. However, for other crops, 

15 the ccxir.cdity of ccrsr.arse r.ay ba the seed or fruit produced 
by tho hybrid plant. Thus for optical corsaercial utility 
of the hybrid it ir.ay bo dee ir able to produce hybrid seed 
that is fertile. 

The invention cor.ter.pietes a variety of recombinant 

2 0 D^A noioculos that r.ey es ueed to produce a aalo sterile 
plant. In a ccher.e -^hero any such roco r bi n a n t DNA 
nolecule(e) consists of e single gsno or linked gonos, the 
gsne(s) cay cogregeto es a unit to produce a aixture of 
sterile hybrid seed and fertile hybrid seed. Similarly 

25 unlinked recombinant siolecuioa nay ccgrcgato to produce & 
nixturo of fertile ana sterile eood except, as discussed 
bo low, vhorc the soiccuioa aro located on different 
c;irot3ioeo3 of the cars c hr onoeoao pair. In outcrossing 
species, tho plants; vhich grow free tho fertile seed 

30 present cay alio:? full pollination of the aalo sterile 
hybrid plants. Thoroforo, it tuey bo preferable to adopt * 
schena to produco hybrid cccd which ia fully fertile. 
However in species uhich are relatively vcahiy outcrossing, 
aalo storile hybrid plants will not bo fully pollinated, 

35 thereby reducing tho seed yield. Thorofore, where the 
conaodity of cotreorce is tho seed produced by the hybrid 
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plant, it may be co-iri^le to produce hybrid seed which is 
fully fertile. 

The invention cent opiates methods for restoring 
fertility in hybrid plants produced in accordance with the 
5 methods of the invention. Specifically, the invention 
contemplates a method for rsstoring hybrid plants produced 
in accordance with the methods of the invention by 
incorporating into a mala parent plant, a restorer 
recombinant DNA molecule containing a restorer gene which 

10 encodes a restorer gene product which compensates for a 
gene function that has been compromised by a gene 
product (s) encoded by a first recombinant DNA molecule(s) 
of the invention, or which negates the effect caused by a 
gene product (s) encoded by a first recombinant DNA 

15 molecule(s) of the invention, as discussed below. The mala 
parent plant thu3 may act cs a "restorer plant". Tho 
restorer plant may be made homozygous for tho gene encoding 
the restorer trait to ensure that ail progeny inherit a 
gene. The homozygous restorer plant may be "maintained- by 

20 seizing in isolation to produce a "restorer line'. 
Selection for a plant that is homozygous for the restorer 
trait may be carried cut, as described above, by conducting 
anther or isolated microspore culture of the genetically 
transformed plant carrying the restorer trait, or 

25 preferably by selfing the plant in isolation prior to 
selection. 

The expression of a restorer gene may be regulated by 
any promoter that is active during the period of 
transcription of a first recombinant d::a molecule which 

30 encodss a gone product which substantially interferes with 
the function and/or development of a cell essential to 
pollen formation and/or function. It is preferred that the 
expression of tho restorer cene be regulated by the same 
promoter used to rac^ulata tha expression of the first 

35 recombinant DNA molecule or any promoter that is highly 
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Methods 2or r^;orir.- fertility in hybrid plants which 
have integrated in the csnorr.o of their ceils recombinant 
DNA molecules of tha invention ara discussed below. 

The action of a protein or polypeptide which is 
5 substantially cytotoxic to a cell of a plant which is 
essential to pollen formation and/or function, and which is 
encoded by a SNA sequence contained in a recombinant DNA 
molecule which is integrated in the genome of cells of a 
hybrid plant nay be negated by regulating the expression of 
10 the DNA sequence encoding the protein or polypeptide. For 
example, an anti-sense gene to the geno encoding the 
protein or polypeptide may be incorporated into a male 
parent line . 

In oarticuiar where the recombinant DNA molecule has 

15 a DNA sequence which encodes a protein or polypeptide which 
is substantially cytotoxic to a ceil of a plant which is 
essential to pollen formation and/or function, the male 
sterile plant may be crossed with a suitable male fertile 
plant that has been previously transformed with a restorer 

20 recombinant DNA molecule. The restoror recombinant DNA 
molecule may contain a restorer DNA sequence which is in 
the anti-sense orientation to that oZ the DNA sequence 
encoding the cytotoxic protein or polypeptide and a 
promoter controlling tho restorer DNA sequence which 

25 activates transcription of the restorer DNA sequence at 
about the tir.a of transcription of tho DNA sequence. The 
restorer gen* product inhibits the expression of the DNA 
sequence encoding the protein or polypeptide in the hybrid 
plant. The promoter controlling the expression of the 

30 restorer DNA sequence is preferably the same pollen 
specific promoter that controls the expression of the 
cytotoxic protein or polypeptides • inducible and 

constitutive promoters nay also be advantageously used to 
control the expression of the restorer DNA sequence- 
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A cytotoxic -.2 the- of producing male sterile plants 
nay involve the synthesis of proteins or polypeptides 
capable of substantially interfering with the function 
and/or development of a cell/tissue which is essential to 
5 pollen formation and/or function. Methods for restoring 
fertility in male sterile plants produced by cytotoxic 
methods involve the synthesis, in cells/tissues that are 
essential to pollen formation or function, of restorer gene 
products that, specifically block, neutralize or destroy the 

10 proteins or polypeptides . If the recombinant DNA molecule 
integrated in ~ha genome of a hybrid plant has a DNA 
sequence which encodes a cellular toxin, a restorer plant 
containing d::a sequences coding; for a detoxifying molecule 
may be used to restore fertility. If the recombinant DNA 

15 molecule integrated in the genome of a hybrid plant has a 
ONA sequence which encodes a destructive enzyme, a restorer 
plant containing Z>NA sequences coding for a specific enzyme 
inhibitor may bo us-d to restore fertility. If the 
recombinant OICA .T.olocuia integrated in the genome of a 

2 0 hybrid plant haa a 3:: A sequence which encodas a cytoplasmic 
disrupting molecule, a restorer pi-nt containing DNA 
sequences encoding a specific peptidase may be used to 
restore fertility. Specific examples of cytotoxic proteins 
or polypeptides ^nd their restorer gene products are the 

2 5 proteinase enzyme trypsin and soybean or cowpea trypsin 
inhibitor; ribo.nucie.ise and a ribonucleic inhibitor; or a 
starch degrading ensyaa sucii as alpha-acyl«»* and an alpha- 
amylaae inhibitor. 

Fertility in a hybrid plant containing in the genome 

30 of its cells a recombinant DIIA molecule having an anti- 
sense gene may be restored aa follows. An anti-sense gene 
contained in a recombinant DNA molecule to be incorporated 
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i.i tr.3 geno-.a oi c p.i.-.t .-ay selected such that it 

ioatair.1 sequaaw: i se.-e gar.a wl-.icli ire transcribed, 
but r.o: translate-, dr. ar.ti-ser.ce orientation. The 

transcribed but untranslated sequence may include an 
5 untranslated 5' leader sequence, intervening sequencos and 
an untranslated 3' sequence, or any substantial fragments 
of these sequences. It is to be understood that the 
sequences or fragments thereof .-nay be naturally occurring 
or foreign sequences. 
iO Thus, any hybrid pl-r.i prc-uced from a cross with a 

plant containing such an -nti-^ensa gena nuiy be restored by 
crossing with a restorer pii.it that has been transformed 
with a codified icrr. tha sense gana which does not 

contain tha regies co.-pl-r.or.tary to tha anti-sense gen. 
15 ana therefore is net subset to the anti-sense regulation. 

As described cievc, a plant carrying a male sterile 
trait nay be produced by -ntegr^ting various recombinant 
DNA molecules of the- invention into tha genome of a plant 
cell and regenerating tha plant froa tho plant cell. The 
20 development and/or function oZ cells that aro essential for 
pollen formation and/or function in the plant are 
interfered vith only titer tha plant is exposed to a 
sterility cctuiting agant tuch as an inducer, a toxic agent 
or a cry?tccytatoxic suisttnea. Thus, restoration is 
25 inherent in craving pi-r.ts produced froa hybrid seed in the 
absenca of tht sterility cctuating agent. 

-here mora than on; recombinant DIJA molecule of the 
invention ia u;sd to praduco a nale sterile plant, the 
recombinant malccuiau -.ay be inserted in the same 

30 chromosome psir in sapar-ta isogonic plant line.. The 
respective lines are preferably made homozygous for the 
respective racoabinant SSA moiocule(s)/gene prior to 
crossing tha lines to produce a male sterile plant. Where 
a first ar.d a second recombinant molecule are integrated 
35 into the samo chromosoma in tho isogenic plant lines, a 
cross of those Unas results in the first and second 
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r cc csu; I nent r.clcculc: being located on separata 

chroecacr.es the ee-r.s c;.,-;--.o:czj pcir in the male sterile 
plant. Consequently, ' ;: - cr - — c sterile plant is 

cro33«d with a £uitu*a -eic fertile plant of a different 
5 line, both c;u*cr,o:o;:c: of -he chrcr.cecr.e pair segregate 
into sepiritj 71 progeny uitA tr.^ rasuit that the first and 
second recombinant Z**X ;r.oiecui£3 iro not expressed in the 
sar;e plant. Tivji, the 71 hybrid seed is fully fertile. If 
the two reccrjinant zz:\ molecules are integrated into 

10 difforent cl1rou.020r.ea in the ir.aia sterile plant, then a 
portion of tho 71 hybrid 3eed will be Kale stwrile since 
there is a 25 1 probability of co-segregation of. the 
chror.oso.T.e3 containing both racoaibinent D^IA molecules into 
the r.alo sterila piir*:. Tl^ia lattar approach may be 

15 advantageous with reelect to outcrossing specie* • When the 
71 r.ale fertile plants outcrosa, a portion of the ?2 seed 
will inherit bcth chromes cr.es containing tho first and 
second recorabir.ant z::.\ -.olesuica and consequently will be 
male steriio. Whore the scca is tho coaeodity of commerce, 

2 0 it is advantageous for seed producing companies to use a 
scher.o for hybrid coed production, uhcro tho saving of Fl 
hybrid seed is discouraged. The outcrossing in the ?1 
hybrid plants results in pert-el ealo atorility in the P2 
generation, thereby rcducin,- tho cecd yield of ?2 plants, 

25 which is cc— ereiaily doeirebio. An oxarrpio of this method, 
is ac follow j a first eelc atcriia plant line 
incorporating in its rcnoeo e recombinant O^A molecule 
having an lasell gone encoding las^i which convert* non-toxic 
I AM to toxic icvoie of IA.\, ~sy bo crossed with a second 

30 plant lino having a gcne»e incorpor^-ing a second 
recombinant Zl^K colcculo having an laaS gone which convert* 
tryptophan to IKS, 

In a preferred cethod oZ tho invention for producing 
hybrid seed & f irct e^aio startle plant line having a genoae 

35 incorporating a recombinant c:u rolccule having a first DMA 
sequence encoding a protein or polypeptide which renders a 
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non-:ox*c s-^::ancc tia:.iy cytotoxic to a cell of a 

plant which is ec-er.'c**i^ to toller, formation and/or 
function and a pollen specific promoter is crossed with a 
second plant line which contains a second recombinant DNA 
5 molecule having a second d:. t A sequence which encodes a 
second gene product which converts a substance which is 
endogenous to a plant ceil to the non-toxic substance . 
Preferably, the first and second plant lines used in this 
method are isogenic and each line carries a homozygous loci 

10 for the first DNA seq~aor.ce or the second DNA sequence. 
Xost preferably the first ar.d second DUX sequences are 
located on the sar.e chromosome pair of the plant lines, 
such that in any cross of the two lines a single chromosome 
pair contains both the first and second DUX sequences. The 

15 first plant line is mads .tale sterile by exposing the first 
plant line to the non- toxic substance. The protein or 
polypeptide encoded by the recombinant DNA molecule 
incorporated in the genome of the first plant line will 
render the non-toxic substance toxic in cells of the plant 

20 which are ©ssor.tiai to pollen formation a.-.d/or function, 
thus producing a mala sterile plant line. The male sterile 
plant line also preferably has a selection marker gene 
linked to the first D:JA sequence encoding the protein or 
polypeptide vhich renders a non-toxic substance cytotoxic 

25 to facilitate harvesting of tho seeds having cell* 
containing the first and second Dl^i sequences. 

When tho first male sterile plant line and the second 
plant line are crossed, the first naie sterile plant line 
produces seeds having cell3 containing the DMA sequence 

30 encoding the ncn-tc;iic substance (e.g. I AM) and the DNA 
sequence encoding the protein or polypeptide (IamH) which 
renders the non-toxic subot&nce cytotoxic (e.g. IamH 
converts IAI1 to tcxic level of IAA) . The seed having cells 
containing the first and second DNA sequence* will produce 

35 male sterile plants which may be 
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pollinated wiU a --la icrtiio line to produce commercial 
hybrid seed. If the fi-zt dnc second DMA sequences are 
located on the 3£jt.o chro-.c:cr.3 or in the scjne linkage 
group, the DMA sequences will segregate completed in the Fl 
5 hybrid seed and the hybrid seed will be substantially male 
fertile . 

Advantage is taken in the above-mentioned preferred 
xethod of the fact that r.ost plant species produce, per 
plant, many hundreds oi 3eeds . In oilseed Braasica for 

10 example, one plant, under nonr.il conditions can produce one 
thousand seeds. Using the method described above, one can 
expect a thousand- fold increase in seeds per unit area 
sprayed with the non-toxic substance. That is to say that, 
for excjr.ple, when two isogenic lines are produced that 

15 carry the la^iS and I^Ii genes, the first pre-production 
step involves the use of XAII to cause male 3terility in the 
plant line that carries only tho Iar*H gone. When cross 
pollinated with the pollen frc* the plant that contains the 
laaiS gene, one can exooct up to one thousand seeds per unit 

2 0 area, each seod capable of growing into a male sterile 
plant. When these escds are planted and crossed with a 
male sterile plant, one can expect one thousand seeds per 
unit area. Therefore, if one ware to plant one acre of the 
plant line carrying the Iaxali gene and the pollinator 

25 carrying the IcjzS cane, th* s aero would neod to be sprayed 
with MAi:. 7ron this or. a icro however, enough seed would be 
obtained to gro* 1C00 icrso ot aalo sterile plants and 
pollinators, and ire- the jo 10C0 acres , enough hybrid seed 
with restored fertility would be obtained to plant 

30 1,000,000 acres of hybrid crop. The anount of management 
required to produce this hybrid seed is reduced over 
conventional methods because ol the pre-production 
amplification step employed. If the Xassa gene is linked to 
a herbicide resistance gene, one can plant the fields 

35 randomly to ensure high rates of cross pollination and use 
the herbicide to kill the pollinator plant* after 



f levering. This r.::; t Ca :^r::o:a clicks for efficient 
hybrid eoed production over r.ethcds vhoro hybrid seed is 
harvejwad directly folicv-Lng first crcsa pollination. 

A particularly preferred enbcdir.3nt of the above 
r.othcd 13 described in ~.cr: dstiii Ssiov with reference to 
Figures 17 and 13. As illustr^tad in Figure 17, the method 
employs two plant iir.es which aro homozygous, respectively, 
for the la^-i gen© ; plant lino A2 ) and the IanS (plant line 
Al) gene3 and otherwise isogenic. These genes are located 
on the sane chrcr.oscr.e pair of the plant. Accordingly, 
piant3 produced f rcrr. a cross of these tvo isogenic lines 
will contain the lar.S end the :&aK Gcna respectively on 
different chro-.oaor.-o of a single chro=oso=o pair. This 
will ensure that the- two genes will segregate when this 
plant is crossed with a r.eie fertile plant. To produce the 
hybrid seed, a two step procedure is used. The first step 
involves a pro-production of an isogenic aalo sterile line, 
the second step in the hybrid seed production itself. To 
accomplish the first step the following approach is usedi 
The two isogenic linos Ai and A2 aro planted in rowe as 
shown, and when flowering starts, tho plots axe sprayed 
with NAK (naphthalene acotassido). This cheaical is a non- 
toxic version of the plant growth regulator NAA, and the 
action of tho I&ra gene converts r^J to HAA* Under the 
control of the pollen specific projector, tho Ia»H gene only 
is expressed in pollen of tho lino, and aa such NAA is 
only Mdo in pollen of the A2 lino. Since 2IAA is a plant 
growth regulator, normal anther and aicrosporo development 
io altered, leading to Mia sterility in tho A2 plant line 
when troatcd vith iir^. Tho plants which contain the la»S 
gene undor tho control of tho pollen specific promoter 
(plant line Al) are not affected by tho ::A2I, since they are 
unable to convert JttS to ilAA, therefore these plante reaain 
fully Mlo fertile and can cress pcllinito the A2 plante 
which have ncv becoxa =aie sterile aftor treetaont with 
HAM. On the K2 lino, flood is produced that contain* both 
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tho Id^ui ar.i i'^S go nee under the control of pollen 
specific pr:~;t2r- , plant A2/A1) . The seed produced 

on tha A2 iir.e ;pia;.t :eca A2/A1) is harvested. This 
harvesting can ca dene by harvesting specific row*. 
5 Alternatively, tho laru-i gen© (A2) may be linked to a gene 
for herbicide resistance so that tha herbicide can be used 
for the roguing of the plant line Al. Herbicide 
application tak33 place after flowering and will kill the 
Al plants so that only seed that has the genotype A1/A2 is 
10 produced. Tha seed harvested froa such a field will 
produce substantially 1005 mala sterile plants. The cross 
produces plants that express both the IaaS and the IamH 
genes only in the pollen. This leads to the conversion of 
tryptophan, an ajtino acia nomally found in plant cells to 
15 I a:; (indole acstar*ice) via the ZaciS activity and finally to 
IAA { indole acetic acid; via tho 7 /•.«:•; activity. The 
molecule IAA is a plant growth regulator not noraally found 
in substantial cruantities in the developing pollen grains 
or anther of tho plant. Sinco the 7.AA and tho precursor 
20 Ian are erie.il molecules th^t can bo transferred from cell 
to call vie di^fueion or active traneport, altered growth 
regulator levels are eeon throughout tho anther. This 
altered crovth regulator level le^da to abnormality in 
polion and either development/ producing a oale storile 
25 plant. Thie pie^it can bo pollinated with a male fertile 
lino leading to coenorciai hybrid eacd. ?or tha production 
of hybrid a cod, tho oaio sterile isogenic line can be 
planted in rors clcng eido of a suitable sale fertile 
plant, and tho hybrid seed produced on tho male sterile 
30 plant can bo harvested. If tho Iar£* gene is linked to a 
horbicido reeletanco gene, harveeting of hybrid sead ie 
facilitated by ueinr tho herbicide to ciininato pollinator 
pl&nta after croea pollination. Tho en tiro fiold can than 
bo coiebincd. Ail rccd produced will therefore be hybrid. 
35 If tho two genes ( lanf* and IaeUi) aro located on tha saM 
chroaosoao or in tho saca linkage group, these) two genes 
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will ;scrcc>';: cer.p let sly in tha 71 hybrid seed. Since the 
plants viii cor.:iin either t/.e Iar.5 or the InaH gene f but 
not be t h , the seed prccuc:d by this hybrid crosa will be 
substantially ICCi rr.ala fertile. Theroiore the plants 
5 grown fro-* the 3£ed of :;,:3 cross will ho fully fertile *.nd 
sat normal level- of seec. T;.o ?2 ^ocd that results from 
the har/aat of this field newever will contain a variable 
degree of -ale sterility, 3 ir.ee in theory 12.5% or 2 out of 
16 of the plants grown i rem this F2 saed will contain both 

10 the laaiS and the IarJ-1 ger.cs/ as illustrated in Figure 7. 
Therefore, particularly in poorly outcrossing species, the 
F 2 generation will not be attractive to plant because up to 
12.5% of the plants will not aat seed. Similarly, in 
outcrossing species which are not fully pollinated, a 

15 corresponding reduction in yield will bo soon. 

It is contemplated tn-t as a variation of the above 
particularly preferred -ethed, a nu-nber of dlf f orent ways 
of producing the toxic r.oicculo specifically in pollen can 
be envisioned. In all approaches, at leect one step in the 

20 production of tha cytotoxic r.olecule has to taxe place 
specifically within the pollen cells or anthers* For 
instance, it is pocsiblc to u:c a conatitutively expressed 
Ian3 gene in a plant and to subsequently cross that plant 
with a plant that cental na the XasH gone under the control 

25 of a pollen epocliic promoter such that Xaa is produced In 
all colls of tha plant, but the growth regulator IAA la 
produced only in pollen ceils due to the action of the 
pollen specific Ir.r.ll gene. Conversely , it is possible to 
have Ir.nH conrtitutively expressed in a plant, and cross 

30 this plant vith a plant th-t contains a pollen specific 
procoter driving tha laitS gene. In this situation, the 
grovth regulator XA* is only produced in pollen cells. It 
should be cautioned that in this caso, one cannot use HAM 
to induce transitory aalo storility in the plant that 

35 contains tha laraK gene, since that application of HA* would 
be lethal to the plant. In this case then hand pollination 
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would be the preiarred way of cor.bining thoae genes. Wit^ 
regards to t^ssa -,a:;.oa5 tha preferred e;tbodiaont of the 
present Invention placss both tha IojlM gene and the IamS 
gene under the control of pollen specific promoters and 
5 preferably using the sar.o polion specific promoter or a 
pollen specific promoter whose expression substantially 
overlaps that of the other to aach independently drive the 
expression of these tvo genes. Additionally, by linking 
the lamK geno to a selectable agent such as a herbicide, 

10 hybrid seed production is greatly facilitated* Any number 
of genes could be used to carry out this invention 
pro v idJng~t ha h~ □ "¥"i r.u 1 1 a naouT p r oduc t ion of two or uore_ 
enzymatic "or synthetic activities specifically in pollen 
leads to the production of a substance which... is. toxic , of 

15 inhibitory to r.crr.al pollen growth or specifically 
interferes with anther or pollen devolopiant. This implies 
that ono or rr.ora of these activities could be constitutive 
in the plant, but that the final coabination of all enzyme 
activities ba li-aited to pollen. It is also envisioned 

2 0 that one of thoca activities could bo inducible by natural 
or artificial ceane such that sterility could be induced in 
plants . Sp ecifically ono ez^dir.cnt _qf_thia; »*tfagdjisea_a^ 
plant lino that carries a larS geno under tho control of an 
inducible pro-etcr ar.d a laaH geno undor tha control of a. 

25 pollon specific promoter. Thceo genos aro preferably 
linked, but could bo unlinked. When g r otm undor Inductive) 
conditions/ tho plant bcccitos malo atorila and can be 
pollinated by a suitable male fortilo plant. Tha suitable 
plant could alio carry a Iar-S geno under tho control of a 

30 polioa specific procotox such that tho. progeny of this 
cross vill be inaio sterile. Those plants could then be 
crossed with a maio fertile plant, producing hybrid seed. 
This coed would, depending on tho location and number of 
tha inaertod ccno3, carry varying dogroes of mala 

35 sterility. It is alco contemplated that a suitable mala 
fertile plant ba ono that carries ona or mora coplas of an 
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aa:i-:cr.:a gcr.c -h-t i- cc~cbia solcstivoly inhibiting 
the oxprcacion one or -ora o f these gc-nc* such that 100% 
fertility is recovorad in the plants grow from the hybrid 
seed. 

According to a preferred embodiment of the invention, the 
invention provides a method of producing seed of a male sterile 
plant line, for use in a hybrid cross which yields substantially 
100% male fertile hybrid seed, which method comprises the steps 
of: 

a) growing plants of a first iins in proximity to plants of a 
second line to penr.ii cross-pollination, plants of said 
first line having a genome comprising a first and second 
chromosome belonging to c first chromosome pair at least one 
of which stably incorporates a first recombinant DNA 
molecule, said first recombinant DNA molecule encoding a 
first gene product which i3 or is capable of producing a 
sterility actuating agent, said plants of said second line 
having a genome comprising a third and fourth chromosome 
belonging to a second chromosome pair, said second 
chromosome pair being the same as said first chromosome 
pair, at least ona of said third and fourth chromosomes each 
incorporating a second recombinant DXA molecule, said second 
recombinant DXA molecula comprising a promoter and a DNA 
sequence encoding a geno product which is capable of 
substantially interfering with the function and/or 
development of cells of plants of said second line which are 
essential to pollen formation and/or function when said 
sterility actuating agent is applied to plants of said 
second line or produced in said cells, said promoter 
preferably being a pollen specific promoter, plants of said 
first and second line otherwise isogenic; 

b) applying said sterility actuator to caid plant of said 
second line to intarfere with the development and/or 
function of said cells whereby plants of said second line 
are rendered male sterile; 

c) permittlrc cross pollination; 
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d.) harvesting soeo oi planes o: ^id second line, a portion of 
the harvested s^od having a genome containing ona of said 
first and second c^c-.050-.es and one of said third and 
fourth chromosomes , said first, second, third and fourth 
chromosomes segregating when a ?Unt grown from said portion 
of the harvested seed is crossed with a suitable male 
fertile plant. 

According to another preferred embodiment of the invention, 
the invention provides a method of producing seed of a male 
sterile plant line, for use in a hybrid cross which yields 
substantially IOCS male fertile hybrid seed, which method 
comprises the steps of: 

a) growing plants of a first line in proximity to plants of a 
second line to permit cross-pollination, plants of said 
first line having a genome comprising a first and second 
chromosome belonging to a first chromosome pair each of 
which stably incorporates a first recombinant DNA molecule, 
said first recombinant OKA molecule encoding a first gene 
product which is or is capable of producing a sterility 
actuating agent, said plants of ssid second line having a 
gonome comprising a third and fourth chromosome belonging 
to a second chromosome pair, said second chromosome pair 
being the same as said first chroxosoce pair, said third and 
fourth chromosomes each incorporating a second recombinant 
DNA molecule, said second recombinant DNA molecule 
comprising a promoter and a DZA sequence encoding a gene 
product which is capc^bla of substantially interfering with 
the function and/or development of cell* of plant* of said 
second line which ara essential to pollen formation and/or 
function whon said sterility actuating agent ia applied to 
plants of said socond line or produced in said cells, said 
promoter preferably baing a pollen specific promoter, plants 
of said first and eocond line otherwise isogenic; 

b) applying said sterility actuator to said plant of said 
second line to interfere with the development and/or 
function of said cells whereby plants of said second line 
are rendered male sterile; 

c) permitting cross pollination; 



harvesting seed of ?:~r.-5 of said second line, each 
harvested seec having a gsnor.3 containing one of said first 
and second chror.osor.es ana one of said third and fourth 
chromosorr.es, said first, second, third and fourth 
chromosomes segregating when a plant grown from said seed 
is crossed with a suitable male fertile plant. 
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In Figure 1, a schematic representation of the 
production c : the anti-senso vector PAL 1302 is shown. A 
plasmid containing tna GU3 gene (3ota-glucuronidasa, 
described in Jefferson, R.A. , Plant Molecular 3iology 
Reporter, 1^87, 5: 3&7-4Q3; in the aati-fionia oriantation 
flanked by tha Cii:v 35S promoter ar.d tho no« tar 
termination signal was obtained froa tha vator pBI 221.1 
(available froa Clonctcch L^tctoricc , Palo Alto, CA, 
USA) . Tho G^S coding scquonco found botveon tho CaXV 353 
proDotor una the nos tcr oZ tho voter p3I 221.1 «aa excised 
and digested with the restriction onx-ssa I *nd Sit I. 

Tho S&Z 1 oitc vaa uado blunt ended using Xionow fragrant 
of' OKA polysoraao I and tho blunt ended vector and GOT 
coding sequence vsro roligatcd. A plaaaid (pPAI. 303) 
containing tho Gus coding sc<^«nco inverted with respect to 
tha direction of transcription of tho CaSV 353 promoter vaa 
identified. 

Tho bir^r7 vector PAL 13C2 con tain i n g tho anti-«onaa 
GU3 geno viz constructed using tho voctor pVO 1011 
(obtained £rca Tia ?ioat axccdln* Inatltuta, Caabridgo, 
uz). pVT3 1011 ccatcias tho hygrc^rcin pho 3 photxanafora.o 
codia* coerce fi^cd b 7 tho C^7 353 prceotor and tho 
noa tor inserted into tho pci 7 li^r of tho Agrobactorluo 
binary vector Bin 19 doacri^od by Davaa, M., Kucl. Acida 
Ra*. 1984, 12i 3711-3721. Tho vector *VU 1011 caa coafor 



both h 7 cro=r/cia and kanazxrcla raaistanco to traaafo: 

- — — — — anti- 



plant colls. Tho incotioa of tho CaW 358 
aonaa GOT noa tor fragment into pVO 1011 woo ec: ^liahod 
in such a ua 7 oa to inactivato tho HPT IX goao or taia 
vector and wes pcr£or=cd a follows. a «r*H Spa X - P** I 
reatrictioa frtgsoat containing tho right bordor (»>, tha 
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XGS prczotor ar.ci tho beginning of tha NPT II coding 
3cqucncc oi pV~J 1 C 1 1 wig first: c-^bcloncd into the Sph I and 
?3t I ait£3 proceeding tha CoIIV 55S promoter of p?AI« 303 
to form p?AI* 30 5. 3ig33tion of p?AL 306 with Sph I and Eco 
5 RI releaaed a fragrr.or.t consisting of the RB, the NOS 
promoter, tha beginning of tha N?V II coding sequence and 
the CaXV 35S promoter - anti-sense GUS noster construct. 
This fragxont was then ligated into the Sph I cites of pVU 
1011 by adding to the ligation pG£H-4Z (Promega Biotech, 
10 Madison, WI, USA) cut with Eco RI and Sph I to provide a 
small fragment of poiylinkar as a bridge between the Sph I 
site of pvu 1G11 and tha Eco RI site of the isert from pPAL 
305 respectively . Tha orientation of the insert was 
verified and a binary vactor ( ?AI* 1302) poscessing a 
15 reconstructed R3 fragrjnant and a N?T II gene inactivated by 
the CaXV 3 5S pronoter - anti-aenae GUS gene-noster 
insertion was identified. This vector can confer only 
hygroxycin resistance to plants and carries the anti-sense 
GUS gene. 

20 In Figuro 2a-d the orientation of the) genes contained 

within tha four microspore specific clones from Brassies 
n&pua aro f roc 5 ' to 3 ' • As shown, the) 5 ' region 
corresponds to tha promoter region and is identified with 
a small Arrowhead. Tho 3' region doiinoatos the end point 

25 of transcription of tho gono. Clones L4, L10 and L19 were 
used for tho isolation of xicro spore specific promoter 
fragaonts and for the isolation of aicrospore specific 
coding regions. Tho non- transcribed regions are identified 
as a singlo thin line, while tho rogione of the) clones that 

30 are transcribed arc demarcated by a boxed area- within 
this boxod aroa ths portion of tho transcribed DHA that 
represents tho ezon rogiona is demarcated by being filled 
in black while tho intron cequoncco are loft unfilled* The 
approximate regions of D:iA sequencod for cloues Z10, LIS 

35 and L19 are shown by underlining. Restriction sites 
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xdentified ara these that aro ralevant to the comtructi 
detailed below. Ths right and left aras of the lambda 
cloning vector3 ars not si;own. 

In Figures 3a-d, the coxplete OKA sequoncs of the 
5 clone L4 is shown along with the DMA sequence of the 
portions of th<* clones L10, LIS and L19 that are identified 
in Figures 2a-d. In Figure 3a, clone L4 , nucleotide 1 in 
the complete sequence is at the left-most Eco Rl site while 
nucleotide 3579 is at the first nucleotide of the right- 

10 most Eco Rl site. The start of transcription of gene 1 in 
clone L4 is nucleotide 2 35. The 5' and 3' intron splice 
sites are identified in boldface type. The start ATG codon 
is shown as well as the stop termination codon. The 
deduced Amino acid sequence of the proteins encoded for by 

15 these genes aro also shown. The end of transcription for 
gene 1 is approximately nucleotide 1427. The second gene 
in clone L4 is most likely non- functional due to a 
insertion and a deletion that occurs in the region of the 
promoter and first exon. This gene was not utilized for 

2 0 constructs. Tho third gone in clone L4 has a 

transcriptional start at position number 6293 in the DNA 
sequence and transcription ends at approxiaatoly nucleotide 
7490. The ATG staxt codon, intron splice sites and 
termination cto? codon aro all identified as above. 

25 Vectors were constructed froa this clono by using promoter 
fragconta frca both genes 1 and 2, aa vail as promoter 
fragnonts Iron genoa 1 &r.d 2 that contained the first exon 
and intron cocucnccs z^id a short portion of the second axon 
for each of tho genes. Tho specific promoter fragment 

30 constructs aro dotailod bolov. 

In Figure 3b, the nucleotide soquonco of the region of 
clone L10 demarcated in Figure 2b is shown. The start of 
transcription is at nucleotide 1. In this sequence the ATG 
start codon is at nucleotides 45-47, the first exon ends at 

35 nucleotide 315 the second exon starts at nucleotide 476 and 
extends to nucleotide 1586. The third exon starts at 1673 
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and oxters approximately to nucleotide 19 39, the prec ise 
end of transcription was not determined. The deduced amino 
acid sequence is also 3hown. For 302:0 pronoter constructs 
the region of the clone 5' to the sequenced portion vera 
5 used. The specific details of the constructs are listed 
below. 

In Figure 3c, the nucleotide sequence of clone L16 is 
shown. Clone LIS shows considerable homology to clone L10 
specifically in the portions of the two clones that code 

10 for protoin sequence. The intron sequences between th» two 
clones differ considerably however. Clone L16 does not 
contain a 5 * promoter region and as such was used onl;- as 
a source of coding sequences for cnti-senso Rim constructs. 
Nucleotide 1 demarcates an Eco RI site that occurs in a 

IS coding region of tne ONA that is homologous to the first 
exon of clone L10. By homology, this coding region extends 
to nucleotide 124, where tho first intron is located. This 
intron, which is located at the ccjzq relativo position as 
the first intron of clone 10, is longer than the intron in 

20 clone LiO and extends to nucleotide 663* Nucleotide 689 is 
tho start of tho second exon and this exon, which shows 
strong nosology to tho second exon of clone L10, extends to 
nucleotlua 1793. There is a second intron at this point and 
this intron extends to nucleotide 1909. Tho third exon 

25 starts at 1910 and extends to apr oxidate ly nucleotide 2210. 
Tho doduccd mlno acid soquonce ia also shown for specific 
regions oil tho clone that show considerable nosology to 
clone L10. Tho precise nucleotide whore transcription stops 
has not been detorained. 

30 In ?iguxo 3d the nucleotide sequence of the region of 

clone L19 demarcated in ?iguro 2d is shown* The) start of 
transcription ia located at position 1 in tho sequence. 
Tho ATG start codon is at nucleotides 136-138 and tho first 
intron starts at nucleotide 1201. This intron ends at 

35 nucleotide 1338 wherein tho second exon starts. Tho end of 
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transcription occurs at approximately nucleotide 2074. The 
deduced a-iino acid sequence is also shown. 

In Figure 4. the CNA saquancaa of three cDNA clones 
that are homologous to the genes contained in the clone L4 
5 are shown. The DNA sequenca of the3* three cDNA clones as 
well as the sequence of the correctly spiiced transcribed 
regions of genes Bp4A and Bp4C in the genomic clone L4 are 
aligned, only the nucleotide differences within these 
clones are shown/ nucleotides that are conserved between 
10 the sequences are only shown on the upper sequence. The 
asterisks shown in Fig. 4 mark the 5* end of the cDNA 
clones of cBp401, c3p40S and cBp408. 

In Figure 5, the partial nucleotide sequence of a cDNA 
clone that is homologous to :ha coding region of clone L10 
IS is shown. This cDNA clone is approximately 1.3 Kb in 
length and has Eco Fl sites at the 5' and 3* ends of the 
cDNA sequence that were added via synthetic linkers in the 
cDNA cloning procedure. 

In Figure 6/ the nucleotida sequence of the cDNA clone 
20 than corresponds to the coding ration of clone L19 is 
shewn. Identified in this oaquenco is tho Eco RV site 
press u at tho 5' end of the tr&nacribod region of L19. A 
por* ■ * of tho poly A tail is shown. Not shown axe the Eco 
RI si. j thit vorc added as llnkora in the cONA cloning 
25 procoduxQ ; thaso sitoa arc present adjacent to the) 5' and 
3* ends of tho cDXA clone. 

In Figure 7 (a,b,c,d,e) tho construction of 6 vectors 
containing procoter and promoter fragxonts froo the) clone) 
L4 is described. Tho first step in the construction of 
30 these vectors was accomplished by first subcloning thm Sco 
Rl-Sst l(nucl. 1-2132) fragnent containing toe first gene) of 
clone L4 (235 base pairs of proootor/exon/intron/second 
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exon) in the commercially available vector pGEM-4 Z ( Promega 
Biotech, Madison, WI, USA) using the 2co Rl -Sat 1 sites of 
the polylinker of this vector. This plasmid was named pPAL 

0402. The 2.7Kb Eco Rl fragment of clone L4 that contains 
5 the third gene (Bp4C) waa then cloned into the Eco Rl site 

of pGEM 4Z, leading to a plasmid called pPAL 0411. The 
plasmid pPAL 0402 was then digested with Eco Rl and the 2.7 
Kb Eco Rl fragment from pPAL 0411(nucl. 5859-8579) that 
contains the gene number thrao (Bp4C) from clone L4 was 

10 added to it. Clones were recovered that contained this 
inserted 2.7 Kb Eco Rl fragment in both orientations 
relative to the promoter region of the first gene. A clone 
that contained this third gone frnc-aent in a orientation 
such that the promoter from the third gone was opposite to 

15 the promoter in the first gene was chocen and called pPAL 

0403. The plasmid pPAL 0403 contains the entire third gene 
from clone L4 oriented in such a fashion as to have the 
promoter region immediately adjacont to the 2 35 basepalr 
promoter region of the first geno in pPAL 0403. This 

20 plasmid, pPAL C403 waa digested with Dde 1/ producing a 
fragment of approximately 1.9 3b. The Dde I sites are 
located at nucleotides 303 and 7366 . Because of the 
orientation of these fragments, digestion with Ode X 
produces a 1.9 Kb fragment. This 1.9 Kb fragment contains 

25 a copy of tho third gene (Bp4C) oriented such that the 
direction of transcription of this third gone le from right 
to loft, fused to tho 235 base pair procotor fragment from 
the first gono of clone L4 (Bp4A) which is transcribed frost 
left to right, ending in a Dda X site that in located 67 

30 basepalr s down stroon of the major start site of 
transcription and precedes that ATG start of translation 
codon by 2 nucleotides. This 1.9 Kb Ode Z fragment wae 
made blunt with Klonow fragrant and cloned into the Zba 1 
site of the polylirJtor region of pG32i 42 previously made 

35 blunt ended with Klenov fragment. The resultant plasmid 
pPAL 0408, waa recovered and subsequently wae digested with 



- 72 - 



9 0 ) ? ' n 

£ 0 ^ L u 



Sal I and Sat 1/ which reici^ca the cloned Ode 1 fragment 
bordered by on tha left hand sido, (nucl 7366 ) Sal 1 and 
on the right hand sica (nucl 3C3) of this construct and 
contains a portion of the poiyiinxer of pCZX 4Z containing 
5 the following unique sites: 3aja HI, Sir a I, Kpn I, and Sat 
I restriction enzyree sites. This Sal 1 - Sat 1 fragment 
was cloned into the Sal i - Sst 1 sites of PAL 1001. PAX, 
1001 is the binary vector 3in 19 (described by Bevan, M. , 
Nucleic Acida Res., 1984, 12*8711-8721) to which has been 
10 added the nos ter polyadenylation signal as a 260 bp Sst 1 
- Eco Ri fragment isolated from the plasmid pRAJ 221 
(available from Clonetech Laboratories, Palo Alto, CA USA) 
in the Sst : - Eco Rl sites of the polylinkcr region of Bin 
19. This nos ts>r is identified as a stippled box. The 
15 binary transformation vector that resulted from the 
insertion of the Sal I - Sst I fragment of pPAI. 0408 into 
PAL 10 01 was named PAL 1107. The details of the 
construction <iro shown in Figure 7a. This vector has a 
copy of the third gene oriented such that the direction of 
2 0 transcription of this third gene is fron right to left, 
fused to the 235 base pair promoter fragaont from the first 
gene of clone L4 which is transcribed fron left to right, 
followed by a polylinXer with unique sites for the 
insertion of D?iA which conaist of t Baa HI, Sxa I, Kpn I and 
25 Sst I followed by tho noa tar signal. Thie vector has the 
feature in that additional 5 ' non-coding sequences were 
placed upatrcca to tho 235 baco pair cor© promoter on Bp4A, 
but those additional 5 ' soquencoa woro in a opposite 
oriontatioa. Tho provision of thoco scquonces in this 
30 orientation doc 3 not affect the pollen specificity of the 
core 235 base pair procoter. 

In addition to this vector, similarly structured 
vectors were sado which contained essentially the) same type 
of gene promoter arrangement but contained the intron of 
35 the first gono (£p<A) of clone L4. Introu sequences in 
plant genes have been shown in some cases to play * role in 
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gene expreesion. This intron containing vector vai 
constructed by ir.&Xing a dilation series of the clone 
pPAL 0402. p?AI- w&a first digested with Pst " and Sma - 

I. Exonuclease III w&s used to unidirectionally digest the 
5 DUX as shown (?ig. 7b) . After SI nuclease treatment and 
repair with Klenow, the plasmid was relegated and clones 
that have had different portions of the coding regions of 
gene Bp4A digested out of them were recovered. Deletion 
subclones were sequenced. One was chosen for vector 

10 constructs. This is referred to as deletion 23B. This 
subclone represented a deletion that has coat of the second 
axon of gene ap4A removed but contains the intron splice 
site and first axon of gene 3p4A. This subclone contains 
a portion of the clone L4 that extends fro= nucleotide 1 to 

15 nucleotide 1166. To this subclone was added the 2 . 7 Kb Bco 
Rl fragment from p?AL 0411 that contains the third gene of 
L4 ( ap4C) in such an orientation that the direction of 
transcription of the third gens is froa right to left (as 
in PAX* 1107, pPAL 0403), fused to the 235 base pair 

20 promoter region froa the first gene of clone L4 which is 
oriented to transcribe froa left to right followed by the 
first exon of gone 1, the entire intron of gene 1 and 33 
nucleotides of the second exon of gana Ep4A froa clone L4. 
This plaaaid containing deletion 233 and the 2*7 Kb Eco RI 

25 fragment containing the third gone fragrant was named pPAL 
0406. Thia plas=id was digostod witn Hind III, which 
yiolda a fragment containing a saall portion of the 
proooter of the third gene aa well aa the entire promoter 
of the first gone, first exon, intron and a portion of the 

30 second exon. Thia Bind III fragrant waa inserted Into the 
Hind III site of PAL 1001, resulting in the vector PAI. 1106 
(deletion 233 dorivod) . Thia vector ha* in the following 
order, A portion of tha proroter frca the third gsne in 
clone L4, tho ontire 235 baeo pair promoter of the first 

35 gene in clone L4, followed by the firat exon, the intron 
and a portion of the second exon of gene 1 of clone X»4, 
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followed by a poly linker containing the following unique 
cloning sites x Sal I, Xia 3aa HI, Sad I, Xpn I and Set 
I and the no", tsr polyacienyiation signal. The construct is 
shown in Figure 7b. 
5 Additional constructs with the promoter region* of the 

genes contained in clone L4 ware done in order to provide 
a number of suitable vectors that are useful for pollen 
specific expression of gene sequences. The three genee 
within clone L4 (Bp4A, Bp4S, Bp4C) show very near-exact DNA 
IC homology and this is most apparent between the first (Bp4A) 
and third (Bp4C) gene. The second gene (3p43) is a 
homologous copy that has undergone sequence changes that 
have appear to have lead to inactivation. The extensive 
similarity between the first, second and third genes in 
15 clone L4 is also maintained in the promoter region such 
that out of the first 235 nucleotides of the first and 
third gene promoter regions there are only 5 nucleotides 
that differ between them. Downs treu of the TATA box in 
these two promoters the only difference between them is the 
20 presence of one auditional nucleotide at the start of 
transcription. For example r comparison of Promoter 1, 

3p4A, partially represented ass TA VU ' lTT tA AAA . . . 

with ?ro=otor 3 , Bp4C , partially represented as i 

TATGTCTA AAA shows that the transcribed region 

25 underlined and the single nuclootido difference in lower 
case. However, within the sequence of the first gene there 
is a nucleotide change that introduces a Ode I site (nucl 
303) la the untranslated 5* leader sequence upstream of the 
ATG start codon that is not present in the untranscrlbed 
30 loader sequence of the third gene in clone L4. Chimeric 
promoter constructs were made which utilised this Ode I 
site in the first gene to combine with sequences froa the 
third gene pronotar. The region of the first promoter used 
for these constructs consisted of the sequencee contained 
35 between the Sna BI site (nucl 21) near the TATA box to the 
Dde I -aite located immediately upstream of the ATG start 
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codon in the first gone (nucleotide 30 3 is the first 
nucleotide in the recognition sequence for Dde I ) . The 
other region of this chimeric promoter (5' of the TATA box) 
was a fragment extending frozi the Eco Rl 3ita of the third 
5 promoter (nucleotide 5353) to the Sna Bl site near the TATA 
box (nucleotide 6273). Therefore to facilitate 

construction of these pollen specific vectors, the 
following reconstructions were performed. 

The Eco Rl to Dde 1 fragment that encompasses the 

10 promoter region of the fir3t gene in clone L4 was isolated 
by first cutting pPAL 0402 with Dde 1, blunting with 
Xlenow, and then cutting with Ceo Rl. The 235 base pair 
fragment corresponding to this region was cloned into the 
Eco Rl - Sma 1 sites of pGEX 42. This plasmld (pPAIi 0422), 

15 was then cut with Eco Rl and Sna Bl. A OKA fragment that 
contained the -co Rl to Sna 31 portion of the promoter for 
gene 3 in clone L.4 was isolated by digesting p?AL 0411 with 
Eco Rl and Sna Bl. This released ah approximately 415 base 
pair Eco Rl (nucl.5 858) to Sna Bl (nucl. 6273) fragment 

20 that represents ir.ost of the 5' region of the) gene 3 
promoter froa clono L4 (tho Sna Bl recognition site Is 2 
base pairs do-smatroam of tho TATA box) . This Eco Rl - Sna 
Bl fragment was used to replaco tho shorter Eco Rl - Sna Bl 
fragment removed for tho first promotor subclone (pPAL 

25 0422), reconstructing a procoter fragment of approximately 
550 base pairs* This plasaid is referred to as pPAL 0421. 
This chinoric procoter fragrant contains 415 base pairs of 
the prosot*r of gens three in clono I* 4, followed by 
approximately 9 9 Nucleotides of the first gens* 

30 promoter /untranc 1 atod loader sequence. 

For construction of a pollen specific cassette vector, 
the following pi as aids were first constructed. The first 
plasmld constructed containod tho no a tar polyadenylation 
signal with a polyliaxer in front of the nos tor signai. 

35 This vas accomplished by first isolating from pRAJ 221 tho 
nos ter as a Sst 1 - Eco Rl fragment and this fragment vas 
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cloned in pCZ^ -i2 using ::.a San i and Zco Rl aitaa in the 
polylinxar. This subcior.ed is referred to as pPAI, 001. To 
p?AL 001, c; fra^r. ent coding for neomycin phosphotransferase 
( NPT II) derived from tha plasxid pRAJ 162 was added to.it 
5 in the anti-sense orientation as follows: The plasmid pRAJ 
15 2 contains tha X?T ZZ gena froa the transposon TN 5 
inserted is a Sal I frag^i^nt and bounded by a polylirvker in 
the plasr.id pwC-9 (which v&s obtained from the Plant 
Breeding Institute, Cartridge , Ua) . pRAJ 162 was digested 

10 with Hind III and Sir.a I. The ONA fragment containing the 
NPT II gana was isolated by elution from an agarose gel. 
pPAI, C01 w£s digaste-i with Hind III and Sna I and the NPT 
II gene Cragssar.t was inserted. The reaultant plasmld was 
called p?Ai 0C2 *.nd hud such orientation of restriction 

15 sites and ths XPT II gcr.o and :.q: :cr aa follows t HIND III , 
Pat I, Sal 1 , 5' end :;?T II coding ^ccjanca 5 'end, Sal I, 
5a-3 Sr.& I, *~pn i , Szz 1, noe ter, uco ri. pPAI. 002 vas 
cut with Kind III and tho 3 its xede blunt ended by the use 
of Kienow fragrant. pPAI* C421 vcj digested with Hlnc IX 

20 and Pvu II, both of which lciva blunt ends, and the 
promoter fragrant was ligated into Hind III cut blunt ended 
pPAL 002. Piacaida wczo obtained that contained the 
promoter in both orientations relative to tha nos ter 
signal. One plasaid was chosen vith tho proper orientation 

25 (5" pro=otor/cr*ti-ccnsc NPT Il/nos ter) and was named 
pPAI, 0412. pPAI* hue tho following D^A fragaontsi A 

3^aii (eppre;:. 130 bp) of pG-Cl 42 that contain* the SP6 
promoter, the 5j0 buuo pair chimeric prozxstor , the NPT II 
gano in tha enti-aen-o oriontar.ion relative? to the 

30 prosotoj, foliovoc* arj tho nos ter polyudon7lation signal. 
This entire promoter/ :;?T Il/nou tar construct is excisable 
by Eco ax. pPAI* 0413 waa digested with Eco RI, and ths 
promoter ;:PT II noj tsr structure was cloned Into BIH 19 
using tho c ingle Ceo KZ cite in tha polylinJcor of BlaT 19. 

35 Tho resultant transformation vector was nasssd PAL 1419* in 
addition to tho anti-sonso KPT II gone, the vector contains 
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a cor.::.^u:*v: ITPT II gan^s under tho control of the noa 
promoter. This v:ctcr thcroior^ confar^ reaiatance to 
kanonycin in ail call types with the exc?ption of pollen 
ceil a whera the gene expression froa tha conatitutivo 
5 promoter is inhibitor by tho anti-sans3 FJs'A produced from 
the procc r.cr/NP? Il/nos ter construct contained in PAL 
141S. 

In order to previda promoter sequences that could be 
utilized with additional cone constructs, the plaamid pPAL 
10 0419 was digested with Sal I. This digest removes the NPT 
II ceding region end this Sal I digested pPAL 0149 waa 
relegated giving rise to pPAL 0420 . p?AL 0420 represents 
the pollen specific prer.otor foilcvod by a polylinOcer for 
insertion of ganoe that has tha following unique sites s 
15 Kinc II, P3t I / Sal I, aac KI , Ssa I, Kpn I, Sat I, 
followed by tho noe ter poiyedanylation signal . The entira 
prosiotcr/polylirvhar/ncs ter construct can I>o conveniently 
excised as a single Zco RI fragment . The details of this 
construct is shovn in ?igurw 7c . 
20 For additional pollen specific proaotor constructs, 

tho following approach vao used. Th<% intact L4 clone in 
the iaiabda cloning vector was digested to completion with 
tho restriction ensytzos Set I and Hhn . The resultant 
fragments uoro separated by gel electrophoresis and a 2 . 65 
25 Kh fragment that contains tho proicoter/ first 
exon/ intrcn/peartiai aecor.c e^cn region cf gone throe in 
clone Li and corrocpor.ds to nucleotides ^563 to 7216 in the 
sequence cf clone L4 was isolated. This f ragoent vaa made) 
blunt ended with IZlencv and cloned into the binary 
30 trans formation, vector 1001 previously described. PAL 

1001 was first cut with Kind III and cada blunt ended with 
Klonow. Clones containing this fragoont (promoter /first 
exon/intron/pcrtial second ooon) woro recovered. A clone) 
was chosen that contained this fragrant in the proper 
35 orientation such that tho direction of transcription was 
towards tho noa tor in PAL 1001. This vector was named PAL 
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1421. T;,is vector co:.u.:.: epproxir-atoly l.Sicb of upstream 
prcaoter region free the gens 3 in clone L4 followed by the 
first exon, the cc:r,pio te intron and 15 bases of the second 
exon of gene three followed by a polylinxer containing the 
5 following unique sites: Sal I, Xba I , Earn HI, Sma I, Kpn 1/ 
S3tl, ar/i finally the no a ter polyadenylatlon signal. A 
variant of this vector was constructed by digesting PAL 
14 21 with Eco aI and isolating the fragment from this clone 
that contains the promoter poiylinker ncs ter sequences but 

10 contained l£3s of the up3traam region of tho promoter. 
This f ragr.ont was re-cloned into PAL 1009 . PAL 1003 is a 
BIN 19 derived vector froi/> which most of the polylinxer has 
been removed. This vector was constructod by digesting BIN 
19 with Hind III and Sst I, xaxing theco sites blunt ended 

15 with XI enow and relegating such that a vector was recovered 
that contained a single unique Zco RI site for the 
insertion of fragments. PAZ* 1003 vac digested with Eco RI 
and the Zco ^1 fragment froa PAI* 1421 that contains a 
shorter prcsirvtcr/cxon/intron/socond enon/polylinxer/nos ter 

20 structure was added to it. This cavo rise to the vector 
PAL 1422/ & vector that is ccccntiaiiy tho s&ae as PAL 1421 
with tho exception that thore is less 5' promoter region. 
It should be noted th«t both PAL 1421 and PAL 1422 contain 
tho intron f rca tho third geno. Tor construct a which the 

25 pros one a of the intron cay net bo desired, Intron sequences 
vera rcsovod frs- PAL 1421 by first digesting PAL 1421 with 
Eco HI and replacing tho prceiotor/oxon/lntron/second 
exon/poiyl inker /noi ter structure with the 
prcsotor/pciyl Inker /no3 tor s true tux o £roa pPAL 0420 using 

30 Eco Rl such thct a longer 5 ' promoter ragion is 
reconstructed in tho binnry trans f oraatioa vector. The 
resultant vector wes narked PAL 1423. Tho outline of this 
construction is shovn In ?iguro 7d. 

In Tigure 7c, a schematic diagrca of the relationship 

35 of the abovo described vectors is presented. It should be 
noted that tho vectors outlined in this Figure fall into 
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three categories, i, vectors which contain 5' upstream 
promoter regions that £ro substantially derived from the 
upstream region of ths gana Bp4C (p?AL 04 20, PAL 1420, PAL 
1423), 2, promoter constructs that contain 5' upstream 

5 promoter regions and intron sequences from tne gene Bp4C 
(PAL 142 2, PAL 1421) and, 3, promoters which contain a 
chimeric 5 ' upstream ragion in which a portion of the 5 ' 
DMA sequence is inverted relative to the arrangement which 
appears in the genocic clone and uses the promoter fragment 

0 of 3p4A as a cere promoter structure (PAL 1107, PAL 1106). 
It should be noted that the functioning of each of these 
constructs can vary from plant species to plant species and 
it may bo desirable tc test e number of these promoter 
constructs when carrying out certain aspects of this 

5 invention. 

The construction o 1 pollen specific vectors that 
utilize tho promoter regions of clones L10 and h!9 was 
conducted as follows. ?ho construction of the pollen 
specific vectors depicted in 7iguro 2 utilizes promoter 
regions from clone L10. The start of transcription of 
clone L10 is located at nucleotide 1. The ATG start codon 
is located at nucleotides 45-47. The promoter region of 
this clono was: excised by first subclonlng the Eco RI - Xba 
I fragment of tho clono that encompasses the entire 
promoter region csiC a portion of tho fxrst ezon (the Xba I 
si to is r.ucicoiido 3sC in the DX.\ scquonco) • This subclone 
(pPAL 10^1) ves then digost^d with Hinc II and Nde I. The 
Ndo I cito is 1 oca tod immediately upstreaa of the ATG start 
codon at nucleotides 50 and the Hinc II site is located at 
nuclootido numbor -333. Tho di coot ion with these two 
ensymoo raloasoo a DI*& fragment of 459 nucleotides which 
contains 62 nucleotides of untr.iA^latod transcribed leader 
aoquonca, and 397 nucleotide cf 5* promoter region* The 
Nde I sit© in thin fragment was made blunt endod by the use 
of XI enow, and this fragment was subcloned into the riinc II 
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site of tho pei'/i inker 42. Clones were recovered 

in both orientaticr.- ar.d the clone, that contained the 
fragment in tho orientation: Mind III, Sph I , Pst I. Hinc 
II, promoter-6 2 baso pair leader fragment (Nde I blunt/Hinc 
5 II, does not cut with either Hinc II or Nde I) Xba I, Bam 
HI, Sma I, Kpn I, Sot I, Zco RI waa chosen and named pPAL 
1020. To add additional upstream regions, the Hinc II- 
HincII fragment that is approximately 1 Kb in length and is 
immediately upstream of the Kinc II site at position 391 in 

10 the DNA sequence vaa isolated from pPAI* 10EX by digestion 
with Hinc II and gel elution of this fragment. This Hinc 
II fragment was cloned into the Sma I 3lto of pGEX 42. 
Clones which contained the fragment in both orientations 
were recovered and a clone that contained the fragment in 

15 the following orientation vac choseni Kind III, Sph I , Pat 
I, Hinc II, Sal I, Xba I, Earn HI , the Hinc II fragment in 
the same orientation as in the genomic clone, that being 
right to left, 5* -3* (as a Hinc II/Saa I insertion which 
doec not cut with either enzyme), Kpn I, Set I, Eco RI. 

20 This subclone (p?.U,lCKc) waa digested with Xnp I, made 
blunt end by the uee of Xlencv, then digested with Eco RI. 
To this cut aubclono was added the promoter/untranslated 
leader sequence of pPAL 102C by digesting pPAI* 1020 with 
Hinc II and 2co ai, and adding this promoter fragment to 

25 the cut pP*1I. iCHc. The resultant subclone contained a 
reconstructed promoter region of clone L10 differing from 
the intact region by only tho filled in 3pa I site used for 
tho joining of the t*o promoter frag^onta. This construct 
was named p?AL 1021. This vector contains in the following 

30 orderi Hind III, Pet I, Sph I, Hinc II, ^el I, Xba I, Bam 
HI, the approximately 1 a£ Hinc II fragment joined to the 
Hinc II-Ndo I promoter fregmont followed by Zba I, Bam HI, 
Sma I, Xpn I, Set I, and Eco RI. This subclone allows for 
the convenient rgroval of the procotcr region of clone L10 

35 such that the promoter con bo easily used in cassette 
transformation vectors. The outline of tills construction 



- 31 



202tc<:-; 



is she-— in 7irura 8. The promoter region of pPALi 1021 wai 
us ad :or the construct ion of a pollen specific caasotta 
trans £ orr^tion vGctor 07 carrying cut the following 
constructs: The plasmid p?AL 1021 was digested with Nco I 
5 and Pat I. Tho plasmid was treated with Klenow and 
religated. This procedure effectively removed the portion 
of the poly linker that wis 5* to the promoter in pPAL 1021. 
This plasmid vas then digested with Hind III and Sst I, and 
cloned into the Hind III and Sst I sites of PAL 1001/ 

10 giving rice to PAL 1121. PAL 1121 has in the following 
order: the pollen specific promoter of clone L10 
(approximately 1.1-1.2 Xb) , followed by a polylinker with 
the following unique sitae: Xba I, 3axi HI, Sma I, Xpn I , 
Sst 1/ followed by the no 3 tar . The construction of this 

15 is outlined in 7iguro 3. 

Tho prcmotor region of the ciono L19 was al«o used for 
construction of pollsn specific vectors. Tho construction 
of theso vectors is as shovn in Figure 9. Clone L19 has a 
single poiisn specific geno contained with it. The start 

20 of transcription in this cans is located at position 1 in 
tho DNA sequence. Tha ATG start codon is located at 
nucieotido position 135-13C. Tha only intron is located at 
nucleotide© 1202-1^37, tho stop translation codon is 
located st nucleotides 202^-2025. Tho end of transcription 

25 is located at ap^ro^i^ctoly nucleotide 2074. The entire 
£co ra frng=£:v£ o2 this clone* tic.3 cubcloncd into PGZ3I 4X by 
ucing tho Zco site iccctcd in tho polyllnkor. The 

resulted clone vl: r.s^cd pPAL 1301. Tho procotor region 
oZ this clone vss encisod as c single fragaont by digesting 

3 0 p?AL 1901 vith Zzsi HI and Zco RV , and a 2177 basepalr 
fragment corresponding to tho promoter region was isolated* 
This frag^ont ccvors froa nucleotide -2200 (Baa HI) to 
nucieotido 155 (2co RV) . This promoter fragxaent contains 
ovor 2Ab of 5* upstroo^ region of tho prcrotor ia clone 

35 L19, 134 baoepairs of 5* untranslated leader sequence and 
20 basepairs of translate sequence. The Baa HI site in 
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this fract:ont v<ia blunt ended by tho use of xienow and 

clonod into PAZ. iCCl. This step vaa accomplished by 
cutting PAL 1001 with :-:ir.d III, making this site blunt 
er.ded by the use of xie.-.ow and inserting the blunt ended 
Ban HI - Zco RV fragment in such an orientation that the 
promoter was oriented 5- to 3' with respect to the 
polylinker/nos tcr po./ac'ar.ylation signal. This vector was 
nan-.ed PAX, 1920 and contained within it in the following 
order. The promoter from clone L19 containing 134 base 
pairs of 5- untranslated laadar sequence, 20 base pairs of 
translated sequenca fused to a polylijcer containing a 
forcer Hind in site inactivated by blunt ending, Sph I, 
Pat I, S.-.l Hiac II, I, Ban :-:i , Saa I, Xpn x , SaZ z 

(the unique cloning sites are ur.darlincd) , the nos ter 
15 polyadenyiation signal. This vector is convenient for th. 
insertion of d>:a sequences to be transcribed in pollen 
cells. The outline of this construct ia shown in Figure 9. 

In Piqura 10, tho restriction map of a Brasaica napus 
genomic clone 101) that contain* a constitutively 

expressed qsr.e ia sho-^n and tho frcg=ont of this clone that 
contains a 5' promoter region along with a portion of 
tranacrifcci ccrucr.ee ia identified. This frageent was 
iaoictod by -2±=zz clcr.ir.g tl-.a 3!£ U 2.5 to 2co Rl fragment 
in p2-" «, cr-i obtaining n cubclono tact hod this fragment 
25 inserted ir- t:-.o i.-.iicctad orioatatlen rolative to the 
polyiinXar of «. This clona was called pPAL 0101 and 

wao deposited January 25, 1990 with the American Type 
Culture CollGctior. (ATCC), 12301 Parklawn Drive, Rockvllle, 
MD, 20S32, USA cc p^ALOlOi/^ coll strain DS3 alpha under 
accssion nuabor ATCC 5S210. This Z± coli strain grows on 
standard 3^ coli cccia (LB) with 100 aicrograaa per ml of 
acpicillin. Thia subclone-, p?AL 0101, was then digested 
with Zco RI, traatcd with xienow fraq=»nt, then digested 
with Baa HI, vhich rcloaaoa the proaotor/ transcribed region 
35 indicated. This fragaant was clonod into Hinc II - Basi HI 
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cut -pGZZl 4Z, ro<vultir*g ir* the 3ubclonQ pPAI* HP101. The 
subclono can bo used for tha isolation of promoter 
sequences in vector constructs that utilize a constitutive 
promoter to synthesize pollen specific anti-sense RNA • 

5 In Figure 11 a schematic representation of producing 

a polylyaine coding gene is shown. In this construct, the 
cloning vector pGEX 4Z was used as a recipient c " a 
synthetic oligonucleotide containing a ATG start codon and 
to this was added a polynucleotide consisting of solely one 

10 nucleotida. This gene therefore, depending on thw 
nucleotide used is a geno that has predominantly one codon, 
and codes for a protein that is cocpooed of a polyaini.no 
acid. The construct was carried out in the following 
fashion i To provide a ATG start codon in a favourable 

15 initiation context, a synthetic oligonucleotide was 
constructed and inserted into pGZli 43 between the Hind III 
and Sph I sites. This nucleotide had the sequence! 5'- 
ACGTGGATCCAAGATGACATG-3 ' . The resultant subclone therefore 
hsd the DXA sequence (restriction site for a introduced Baa 

20 HI site is underlined, tho ATG start codon in bold) AACGT 
GGATCC AAG A*T3 ACA TGC GCA ACA TGG at the 5' region such 
that thors vac a ATG start codon in & favourable initiation 
context and a 3aa HI Jito upatraaa of this site for 
excision of tho coding soquGnco* This subclone) was 

25 digested, vitli ?st I, divided into two aliquots, one was 
tcilc£^?lth T residues using torzainai transferase and TTP, 
ono e~-~taiicd with A roiiduos using terminal transferase 
and dAT? . TI-.o t^o tailed plas^ids woro mixed together, 
extractod with phenol -chloroform, othanol precipitated and 

30 rosuaponded. Tha pl&smid nixturo vac cut with Sst I, and 
rolcgatc-d. Cionoa that woro rocovorad wore either clones 
that contained on the coding strand polyA or poly T. 
Clones were cut with Baa HI, the sire of the Insert 
determined by gel electrophoresis, and sequenced to 

35 determine if the clone coded for poly-lysine (polyA) or 
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poly-phenylalinine ;poiy 7, poly U In the zJQIA) . A clone 
that cocod for poly-lysino And was approximately 3 00 
nucleotides was chosen and called p?AL pLys . This clone 
was cut with Xba I, blunt ended with Xlenow and a universal 
5 translation terminator (available from Phirmacia PL 
Biochemical* , Montreal, Canada) was added to it, completing 
the construction of the gene. This construction ia shown 
in Figure 10. 

].n Figure 12 a scheme for the production of an anti- 

10 sense gene specific to the intron region of clone L19 and 
the J**:. eduction of an introniess version of the number L19 
gene is shown. For the first step in this, a restriction 
fragment from clone L19 was isolated that is substantially 
all introu. This fragment was isolated by using the 

15 restriction enzyme Ode I which cuts at a number of sites in 
the genoaic clone, but the sites at nucleotides 1186 and 
134 3 give rise to \ restriction f ragaent that is 
substantially intron 3equoncoa, having only approximately 
16 nucleotides at the 5* sido of the intron that are 

20 included in the final transcript, and iO nucleotides at the 
3* side of the intron that aro included in the final 
transcript. This Dda I fragrant was isolated by gel 
electrophoresis, ctadQ blunt ended and cloned into Sma I cut 
pGEX 4Z. Clonas in both orientations were obtained, and 

25 the clone that contained tho intron region in the 
orientations Hind III, Sph I, ?:t I, Sal X, Xba I, Baa HI 
(forr^s.Saa I) 3* end of tho intron, intron sequoncec, 5' 
end of^thG intron, (foraor Sua I), ^pn 2, Sat I, Bco RI was 
choccn. Thia clone wes nascd p?AL 1914 and was digested 

30 with Baa KZ and Sst I, and inserted into PAL 1920 
previously cut with 3aa HI and Sat I, creating the vector 
PAL 1954. 

To creato a specific rostoror vector, the cDSA clone 
19 cOXA (Figura 6) was fused to the promoter region as 
35 followss Tho cDNA clone was digested with Sco RV and Sma I 
as shown in Figure 11. To this cut vector was added the 
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Eco RV - S-.a I fracrr.ent froa clone L19. Clones were 
recovered that contained the reconstructed 5 1 region of the 
promoter and coding sequence, but carried coding sequences 
that lacked tha intron, most of the coding regions being 
5 derived from the cDNA clone. This clone was digested with 
Zco RI, made blunt ended with Kienow, then digested with 
Sma I . A DMA f ragr.an: that represents the entire coding 
region and a portion of tha promoter region was isolated 
and cloned into PAL 1520 cut with Saa I, leading to a 

10 reconstruction of the promoter region and coding region 
lacking an intron. This vector was called PAL 1955. 

In Figure 13, tha production of clonaa containing the 
coding sequences of a protein functionally related to the 
ricin A chain protein isolated froo Rlcinus cocranunis is 

15 detailed. This was accomplished by first isolating a 
genomic clone homologous to ricin fron a genomic library of 
K lcinuo z'-: v.: :r-snin d;;a constructed in tha vactor lambda 
gtIC using standard protocols. Tha library wac screened 
with a DNA prcbo that corresponds to the K-torainal leader 

2 0 sequence of the ricin ecno. The probo sequence vaa obtained 
fron tho published cccucr.ee of a r.icinu;; corr^unis ricin 
gona (Hailing, et al . , ::ucl. Acids Ro* 13 1 8019-8033 , 1985). 
A goncmic clono waa isolated that contained tho leader 
aequonco vrd a portion of tha A chain waa isolated and 

25 called RIC 13. This clone contained tho prcootor region, 
the 5* untrirwi^wsc region, tha K-torainal leader sequence 
and coding region that extended to aalno acid 191 (lie) in 
tho srzllichad -cq\iQnca ( Hilling, et ai., ttucl. Acids Res 
13*8019-8033, 1935). Tho difforer.c© between tho p\ibli»hed 

30 saquonca and RIC i3 vaa that tha published nucleotide 
sequonce at tho region of lie 191 waoi (llo 191 underlined) 
ACG AGA ATT CG<3 vhlch ccdaa for the nnlno acldas The Arg 
11a Arg whilo in RIC ID tho nuclcotido sequonce is ACG AGA 
ATT CGG, which codoa for tha aaeo aalno acid* (The Arg lie 

35 Arg), the only difference being the laot Arg ia coded for 
by CGG in RIC IB while in the publiehed sequence it la 
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coded for by AGO. This single nucleotide substitution has 
the effect of introducing a Eco RI site at lie 191. The 
clone RIC 15 therefore was visaing the amino acids present 
after lie 191 since tha clone was isolated as a single Eco 
RI fragment. This truncated version of ricin was used for 
construction of ricin A chain N-terninal deletions as 
follows: The clone RIC 13 wac digested with Hinc II and Eco 
RI. The fragment was cloned into Eco RI-Sma I cut pGEM 42. 
The resulting clone, pPAL R13 was digested with Pat I and 
Bam KI. This cut clone was digested with Exo III nuclease, 
treated with SI nuclease and Xlenov fragment and then 
relegated. Subclones were obtained that had various 
portions of the 5' region deleted, and socio of these 
deletions waro sequenced. Cno deletion, naood pPAL-Ridefin 
15 had the majority of the terminal loader DHA sequence 
removed and had Kind III and Sph I sltca 5' to this region 
such that the DN T A sequence waa as follows* AAGCTT GCATGC 
GCA ACA TGG.... wherein tha first six nucleotides code for 
a Hind III site found in pGZll 42, the next six nucleotide* 
codes for tho Sph I site in pG23 42 and the following three 
triplets codo for aaino acids -20, -19, -18 .... (Ala The 
Trp...) in the published eaquence (Hailing, et al., Nucl. 
Acida Res I3;C01S-CC33, I£S3) . This subclone therefore had 
a daletion thct rsreved the first 15 c^ino acida of the A 
25 chain loader sequences of ricin. To provide a ATG start 
codon in & fevcuxabio initiation contort, a synthetic 
oligco^lcotido was constructed and inserted into the 
aubclcaOL i>ctvecn tho Kind III and Sph I sites. Thie 
nuclcotido had tho sequence i 5 * -ACGTGGATCCAAGATGACATG-3 ' . 
30 The reconstructed clone (pPAI* Rictr) thoroSore hod the DNA 
sequence (restriction site for a introduced Baa HI site is 
underlined, tho ATG start codon in bold) AACGT GGATCC AAG 
ATO ACA TGC GCA ACA TGG at tho 5* roqioa such that there 
was a ATG ctcrt codon in a favourable initiation context 
35 and a 3aa HI cito for excision of tho coding sequence. The 
clone pPAL Rictr was digested with Eco RI, end filled with 
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Xleno*.*, anc dwphc-pheryiatcd with aikaiino phosphatase. To 
the vGe'cor wc; adclo^ tho ur.ivczaal tranclational terminator 
purchased fro:a Pharr.-cii-Pi biocheaicals (Xontreal, Canada) 
to provide a termination codon. The coding region from this 
5 ciona was isolated by cigaation with Baa KI and Pvu II, 
releasing the ceding region and a small portion of pGEM 4Z, 
and this fragment can be cloned into the Bam HI and Sma I 
sites of transformation vectors. This DXA fragment codes 
for a version of a ricin A chain in which a C-terminal 

10 portion has been doletad. It should be noted that a number 
of C-terminai and N-terminai deletions of the ricin A chain 
have been tested in vitro for toxicity, and these reports 
have concluded that the K- terminal half of tho ricin A 
chain is sufficient for cytotoxicity in vitro (for example 

15 see: Sudan et ai., Nucl. Acids 333, 17i 1717-1732, 1989). 
In order to obtain a corr.plcto coding region for the ricin 
A chain, synthetic version of tho rest of tho A chain was 
synthesized using tho published scquonco. This synthetic 
portion of tho gono extended the DIV* socuonce to nucleotide 

20 1182 in tho published sequence and had a Eco RI sites at 
both ends that ailovoc for the joining of this fragment to 
the Eco RI site at the ajcino acids numbers 190-192. This 
reconstructed version of tho gene also had a Baa KI site 
after the step codon such th^t tho O^A sequence of the gene 

25 at tht* 3 1 end vzz as follow x (nuci. 1131 ia marked *) CCT 
CCA* TAA GG^TCC CT^VTTC coding for amino acida s Pro Pro 
stop.^ftllovcd by Zzz* Ml and Eco RI, tho Eco RI aita being 
usod .Xpx thD insertion of the synthetic portion of tha 
gone, tho Ecua ill being used for excision of tho complete 

30 ricin A chain cccucr.co sinco a synthetic Baa HI aita ia at 
the 5' end of tho coding region also. Tha clona waa called 
pPAL Riccon. 

In Figure 14 the results of anti-aonca R3A i nhib ition of 
Beta-glucuronidaao gor.o activity is shown in a histogram of 
35 GTJS gene activity found in transgenic plants that contained 
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a sense GUS gsr.o end vara renr ana formed with a vector 
containing an anti-scnca GUS gene. GUS activity levels were 
expressed c*z a percent ceo of the GUS activity found in the 
original GUS+ plant Tissue was obtained from young 

(Y), rr.ediur. (M) and old (G) leaves and GUS activity was 
assayed spectrophotocatricaily . Lanes 1-5, samples from the 
retrans formed plants TTR-1 to TTR-5 ( TTH-4 8 / PAL, 1302); lane 
5, sanples from plant TTR-4 8; lane 7, samples from TTR- 
88(TTR-48/pVU 1011) and ) ane 8, samples from untransf onned 
tobacco . 

Example 1 

In this example, anti-sonse KKA was used specifically for 
the inhibition of gena activity in plants. A tobacco plant 
expressing the Sota-glucuronidase gene under the control of 
the CaJTV 355 promoter was produced by trans foraat ion of a 
non- trans fors-.ad control tcbccco cultivar , M . tabaccua, cv. 
Deigold. To accomplish this, tobacco loaves less than 8 
inches in length ware sur.?aco sterilized by exposure to 
ethanol for 5-6 seconds/ then subsoquent exposure to 1% 
sodium hypochlorite for a few minutes, usually "S-IO 
minutes, or until the cut ed^o of the petiole turned white, 
then rinsed sevoral tista in cterile distilled water. Leaf 
segnent3 of approximately 0.5 to 1,0 square centimetres 
were coculturcd for tvo days with Agrobactoriua tuzafaciens 
GV 3101 carrying the ?i piaacid pX? 90 to provide vlr 
functions in trnar (do^cribc^l by IConcs, C. and Schell J., 
19ao,-«.rsl. Gen. Gonct. 204 : 3£3-3So ) carrying the binary 
vector psi 121.1 on shoot inducing xodia. This vector is a 
derivative of Bin 19 which contains tho GUS gene driven by 
the Ca2TV 35S proiiotor and terminated by tho nos ter and is 
available froa Clonotcch Laboratories, Palo Alto, CA., USA. 
Transformed tobacco colls vera selected on a shoot-inducing 
mediua containing 0 . 3$ agar, £23 oalts, B5 vitamins, 3% 
sucroso, 1 zng per L of benzyl adenine, 0.1 ng per L of alpha 
naphthalene acetic acid, (NAA) 300 ug/ml kanaaycin and 500 



ug/al carbeniciliin /essentially as described by Horach et 
al, 1985/ Science, 227:1223-1231). Regenerated ahoota ware 
then transferred to a root-inducing mediua conaiating of B5 
x.edium with 2% sucrose, SCO ug/al carbenicillin and 0.5 
mg/L each of NAA ana indoleacetic acid (IAA). Following 
selection on kanamycin, a tobacco tranaf ormant which 
displayed relatively high conatitutivo levela of GUS 
activity and contained a single unrearranged insert. ion of 
the 35S CaXV promoter-GUS-noater construct waa selected. 
Thi3 plant ( TTR-4 8 / GUS + ) was then re-trana formed with a 
binary vector PAi, 13 02 which contains an anti-aenae GUS 
gone, the construction of which is deecribod in Figure 1. 
In experiments involving the retrana formation of the TTR- 
43 tobacco plant with PAL 1302, the shoot-inducing medium 
contained 2 0 ug/al hygroaycin and 300 ug/ml kanamycin to 
insure the selection of plant a containing both th* *ense 
and anti-sense GUS constructs. Tranaf onnants were grown to 
maturity and self -pollinated in the greenhouse. 

The leaves of tobacco plants roculting from the 
retrans formation of TTR-4 8 (GU5+) with the anti-senae GUS 
vector PAI* 1302 vera assayed for GUS activity. The GUS 
activity in leaf extracts was assayed 
spectrophotomctrically. Approximately 0.5 g of leaf tissue 
were ground </itn a Polytron in 2 ml of GUS exxnetion 
buffer (50 »-a*-04 pH 7.0, 1 m£ 2DTA, 0.1ft Triton X-100, 
10 ny^Rraorccptocth^nol , 1 sCJ p-nitrophonyl glucuronlde, 
100 us^ial bovine so rum albumin, 0.02% sodium aside) 
incubated at 30°C for 6 h and the reaction stopped with the 
addition of 0.4 ml of 2.5M 2-aaino-2-methyl-l, 3- 
propanediol. Tho amount of p-nitrophonol produced was 
calculated by measuring tho abaorbanco at 415 nm. A stopped 
reaction containing an identical anount of loaf extract was 
uaed as a blank. Relative enzyno activities in the extracts 
were calculated and expressed as nanomoles of p-nitrophenol 
produced per mg of protein per minute. Ten plants were 
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screened and they all displayed a large reduction in GUS 
activity levels rsiative to thc3e observed in TTR-48. Five 
plants (TTR-1 to TT3-5) wora chosen for a detailed analysis 
of the effects of anti-sense RNA inhibition of GUS gene 
5 activity. The re trans iorziad tobacco plants TTR-1 to TTR-5 
(fig. 14, lanes 1-5) all showed a considerable to complete 
( lane 4 ) reduction in GUS activity regardless of the 
developmental stage cf the leaves examined. Comparison of 
the highest level of GUS activity observed in the original 

10 GUS+ plant TTR-4 8 {fig. 14, lane 6) with the highest level 
found in any of the plants retransf onr.cd with PAL 1302 
(lanes 1-5) shows that the reduction in GUS activity was at 
least 90%. The levels cf GUS activity found in the control 
plant TTR-S8 (fig- 14, line 7) were sirtilax to those of the 

15 original GUS+ plant (lane 6) indicating that the 
retrans formation and regeneration pieces a undergone by TTR- 
48 were not responsible for the decline in GUS activity 
observed in TTR-1 to TTR-5. Xootem blot analysis of total 
protein axtracts obtained fro:s young leaves vera performed. 

20 For extraction of loaf protaina , approximately 100 mg of 
tissue woro ground in a 1.5 =1 Zppondorf tubo containing 
0.7 ml of GUS extraction buffer described above. An equal 
voxujB3 of SOS PAG2 22 aaapia loading buffor (1.3 M Tris-Cl 
pH 6.8, 2% B-corcaptoethcnol , 50% glycerol, 5 nX BDTA, 0.1% 

25 brocophenol blua) was addod and tho aaaples incubated at 
roora temperature for 15 niin. Tha extract vaa centrifuged at 
12 , OCCr.rpa for 2 nin and tho supornatant was frozen at - 
80°C taiil uao. Proteins wore ro solved in 10% SOS PAGE gels 
and immediately transferred oloctrophoretically onto a 

30 nitrocellulose filter. The GU3 protein va« then detected in 
the gels using tho rabbit anti-3-glucuronidase antibody 
obtained xrozi Clone tech laboratories And an anti-rabbit IgG 
alkaline phosphatase conjugate kit (Prcewge Biotech, 
Madison WI, USA) according to the manufacturers 

35 instructions. Equal amounts of protein were separated by 
sodium dodecyl sulfate polyacryl amide gel electrophoresis 



-si- 2 0 2 1 G : 3 

(SDS ?AG£ ) / transferred to nitrocalluloaa and cross-related 
with antibodies specific to the GUS p;:otein. The amount of 
GUS protein detected on the WG3tern blot correlated well 
with the GUS activity found in th« leaves of all the 
5 tobacco plants examined whether these displayed high levels 
of activity such as TTR-48 or no discernible activity as in 
TTR-3 {fig. 14, lane 2). The reduction in GUS activity in 
TTR-1 to TTR-5 can therefore be directly attributed to 
lower quantities of GUS enzyme within these plants. 

10 Southern blot analyses were performed to confirm that the 
sense GUS gene was still present and intact in TTR-1 to 
TTR-5 and to verify that the anti-senso GUS construct had 
correctly integrated in the DUA of these plants. It was 
found that the arrangement of the original sense GUS gene 

15 in TTR-4S was unaffected by the transformation with the) 
anti-sense geno containing vector, and it wao also further 
ascertained that c^.ongat the plants selected for this 
analysis, between 1-5 copies of the anti-sense gene were 
inserted into the gcnoir.a of the plant which contained the 

2 0 sense gene. \t wes also determined that a single inserted 
anti-sense geno could lead to a noar total reduction in 
sense geno activity. Northern blot analyses wore conducted 
on total leaf RIIA to dec oral no if the reduction in the 
anounts oZ GUS ensyza observed in to TTR-5 correlated 

25 with their lovols of GUS u33A. Total R2CA was prepared from 
tobacco loavoo by r rinding 0.5 g of tissue in 2 ml of 
extraction buff or (5 X cuanidino-KCl , 0.1 & KaAc pH 6.0, 
l.C% i^^s^rcaptoothenoi ) for 10-30 3©c using a Polytron. Tha 
mixtuxo waa then contributed at 5,000 rpo for 3 aXn, the 

30 supernatant layered on an equal volume of 5.7 M CsCl in 0.1 
M NaCI, 10 m2S Tria-Cl pH 7.5, UlS 2DTA and centrifuged 
again at 35,000 rpa for 16 h at 15*C. Tho resulting RKA 
pellet was recucponded in 0.1 H UaAc p3 6.0, 0.1% SOS and 
extracted with an equal voliioo of phenol-chloroform (50 s 50, 

35 v/v) . Tho aqueous phasci was adjusted to 0.3 M NaAc and the) 
RKA precipitated with 2 volumes of ethanol. Following 
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centrifug^tion, the pellet was washed in 70% ethanol and 
resucpanded in atari le distilled water . RNA samples were 
resolved in the pr stance of r.ethylmarcuric hydroxide in 
1.3% agarose gals and transferred onto a nylon membrane. 
5 The membranes were probed with ( 32 P) UTP labelled sense or 
dnti-sense GUS RNA transcripts. These transcripts were made 
from pGEM-GUS, a plasmid obtained by inserting the Bam HI- 
Sst I fragment of pal 221.1 (which contains the entire GUS 
coding sequence) into the Bam Hl-Sst I sites of pGEM-4Z. 

10 Probes were made by cutting pGEK-GUS with Eco RI and then 
using T7 RNA polymerase to provide a transcript which can 
hybridize to anti-sense GUS RNA or by digestion with Hind 
III and transcription with SP6 RNA polymerase giving an 
anti-3ense transcript that can hybridize to sense GUS mRNA 

15 only. A radiolabeiied sense-specific GUS RNA probe 
demonstrated that the levels of GUS mRJIA found in TTR-1 to 
TTR-5 were considerably lower than those observed in TTR- 
48/ the original GUS+ plant. As predicted, untrana formed 
tobacco did not posses the GUS transcript. The levels of 

20 sense mRNA correlate veil with the amount of GUS protein 
and activity obsarved in these plants. Northern blot 
analysis using an anti-aense-spocif ic GUS RNA probe 
demonstrate*! the presence of anti-sense GUS transcript in 
the retrcncforzied piantr . The reduced amounts of GUS 

25 protein and GUS activity obcervod in TTO-1 to TTR-5 can 
thus be attributed to the low levels of GUS mRNA found in 
these -j>lanto. Low levels of GUS mRNA were always associated 
with t^ prssonco of the anti-sense GUS RNA. These results 
clearly indicate that a target sonse gene can be 

30 successfully inhibited using anti-sense RNA. 

Sxaspla 1A 

This example describes a method for isolating 
microspores in ordor to obtain genes that are essential to 
pollen formation and/or function. Microspores may be 
35 conveniently isolated by manual dissection of buds to 
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remove anthers that ara subsequently disrupted by gentle 
grinding in a icrtar ond pas tie in 10 % sucrose. The 
extract is then filtered through a 44 ua nylon mash and the 
microspores collected by centrif ugation at 3000 x g for one 
5 minute. The pelleted minrosporas are re-suspended in 10 % 
sucrose, filtered and pelleted as before. Other methods of 
isolating microspores can also be used. 

Tissues other than microspores can be disrupted by a 
variety of methods and the disrupted tissue used for RNA 

10 isolation. It is convenient to disrupt the tissue by using 
a motor driven homogenizer with 10 mis of a solution of 6M 
guanidinium HC1, 0.1 M Na acetate, pH 6.0, 0.1 M beta- 
mercaptoethanol per gram of tissue. The homogenate ia 
cleaxed by centrif ugation at 5,000 x g and tha supernatant 

15 is layered over a solution of 6n CsCl in Tris-EDTA buffer 
(TE buffer). Centrif ugation at. 100,000 x g for 12-20 hrs 
at 15°C is used to peiiot R2IA which is subsequently re- 
suspended in water and re-procipitated in the presence of 
0.3 M Na acetato and two volucoa of ©thanol. RNA is 

20 recovered by centrif ugation and ro-auspondod in water. The 
KNA obtained by such method can be fractionated by oligo- 
d-T cellulose chromatography to separate the polyadenylated 
mRNA from tho bulk of the non-poly a deny la tod RNA. The 
microspore RNA is isolated by ucing a tight fitting motor 

25 driven glass hesoganizer to disrupt the microspores* The 
homogeniaation of 300 ul of pecked microspores is conducted 
in X c3c.621 guanidiniua-HCl, 0.1 21 Ka acetate, pa 6.0, 0.1 
M botc=corcaptoothanol . The hozzogonate is centrif uged at 
5000 x g and tho cleared supornat&nt Is layered over a 

30 solution of 63 CcCl in TS buffer. An overnight 
centrif ugation at 100,00 x g is uaod to pollet the RNA 
which ia subsequently rc- suspended in water and re- 
precipitated in the presence of 0.3 K Na acetate and two 
volumes of ethanol. Other methods of RNA extraction can be 

35 used to obtain the RNA from the tissues described. 
Standard methodology using oligo-dT cellulose is used to 
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obtain polyadsnylated aiRNA from these total RKA 
preparations . 

Example 2 

This example relates to the use of constitutive 
5 promoters to regulate the expression of pollen specific 
anti-sense RNA. The CaXV 35S promoter from pBl 221 *as 
isolated as a Hind III - xba I fragment and cloned in PAL 
1001 previously cut with Hind III and Xba I. This produced 
a vector that had the CaXV 3 5S promoter joined to the nos 
10 ter and in between the promoter and terminator were unique 
sites for : Xba I Bain HI, Sina I, Kpn X and Sst I. This 
vector was named PAI* 1007. PAL 1007 was digested with Bam 
HI and to this digested vector was added a 2.4 Kb a " HI 
fragment containing a coding region froa clone 1,16 in the 
15 anti-sens© orientation. This vector was called PAI* 1305 
and was used to transform Srassica n&pus . Transformation 
was carried out either using the method described in 
Moloney, H.M., et al. (Plant Cell Roports (1989) 8*238-242) 
or, transformation can be carried out with surface 
20 sterilized stem epidermal layers. ?or this procedure, seeds 
of napua L. scp. oleifera cv. Wester were sown in 

'Promix' mixed with 2g/l* of the a low- re lease fertiliser 
'Nutricoate' in 3" pots. Plants were grown in the 
greenhouse under a 16 photoperiod (using natural and 
25 artificial lighting) . ?or coculture and regeneration 
experiment* etca-scctions froa the top three stem 
interacts of approximately 1.5 month old plants were used 
(i.e. thoco with elongated floral spikes and several open 
flowers). Intact atoa-sectiona wero surface sterilized for 
30 30 seconds in 7 0 % ethanol and 10 minutes in 1 % sodium 
hypochlorite followod by three rinses in sterile distilled 
water. For transformation Agrobcctorima tucefaclens GV 3101 
carrying the Ti plasaid piiP 90 to provide vir functions in 
trans and the binary vector PAL 1110 was grown on YEP media 
35 (which consists of 10 ga per I* of Yeast Extract, 10 gm per 
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L of 3acto-pepetona and 5 per L of NaCl, pH 7.0 

containing ICO ugs per nL Icanamyc^n for selection of 
bacterial cells that contained the binary vectors). Celia 
were grown frca one to two daya at 28C. The cells were 
5 collected by centrifugation and were rasuapended At an 
approximate density of 10* - 10 7 cells per mL in liquid EL 
which consists of MS micro- and macro- nutrients and B5 
vitamins containing 40 mg/L of FeNa-EOTA (obtained from BDH 
chemicals) and 3% sucrose, 10 mg/L BenzyiAdenine, and 0.5 
10 mg/L alpha naphthalene acetic acid (NAA) and 18.8 mM KNO J 
plus 20.6 mM KH.NO 1 . Medium was solidified with 0.8% agar 
(Sigma) when the EL media was used for solid media plates. 

The cell suspension was poured into the bottom of a 
sterile petri dish and sterilized sterna wore dissected 
15 directly in the bacterial suspensions. The segments were 
sectioned longitudinally into half segments and cut into 
approximately 5 mm sections. The dissected segments were 
placed on filter paper discs on solid EL media for a 3 day 
coculture under continuous fluorescent light (60 
20 microeinatGins/m2/aoc2) at 25C. After a 2-3 day coculture, 
explants were transferred to solid EL media containing 500 
ug/mL carbcinicillin, and 100 ug/mL bekanaoycin (Sigma). 
Shoots forced in 4-8 weeks, sections wore transferred to 
fresh solid SL msdia with carbinicillin and bokanamycin 
25 every 3-4 waoka . Shoots that forsod and did not bleach were 
excised and rooted on PDH cedia (B5-with 2% sucrose and 0.5 
mg/L each of KAA and IAA) . In some case*, green non- 
regenorating callus growing on selective medium was 
separated froa explants and transferred to fresh medium to 
30 stimulate regeneration. Transformed plants were placed in 
a misting chacbor, and after two to four weeks transferred 
to the greenhouse. Plants were g r own under a 16 hour 
photoperiod and allowed to flower. Clonal propagation was 
used to increase plant lines as well as hand crossing and 
35 selection of seedlings from crossed plants on kanamycin 
containing media. This media consisted of 0.8% agar, one- 
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tenth MS salts an IGCuga per roL bekanamycin with no sucrose 
in the media. Surface sterilized seeds were used. The seeds 
vera surface sterilized by rinsing in 70% ethanol for a few 
seconds, soaking in 1% sodiua hypochlorite for 15 minutes, 
5 followed by rinsing three times in sterile distilled water. 
Seeds were place on the surface of the agar in sterile 
dishes and allowed to sprout. Plants which did not carry 
the kanamycin gene linked to the anti-sense gene bleached 
and died, while those that carried the antisense gene 
10 stayed green and were subsequently transferred to soil and 
allowed to flower. 

Exanpie 3 

In this example, another pollen specific coding region was 
uspd with the vector PAL 1007. In this case, a 1 . 3 Kb Hind 

IS III fragment from clone L19 was isolated, made blunt ended 
and cloned into the Sin a I site of pG2Ii 4Z. This subclone 
was called pPAL 1914 and was then digested with Xba I and 
Sat I . This fragment was added to Xba I - Sst I cut PAL 
1007, giving rise to a vector called PAL 1307. This vector 

2 0 contains the CaXV 35S promoter fused to a coding region 
from clone Li 9 in the anti-sense orientation. This vector 
was used to transform Brassica napua as detailed In example 
34. 

Example 4 

25 T«U,s exn.Trplo relates to the use of inducible promoters 

to roc^late expression of pollen specific anti-sense RKA. 
In this example, the 1.2 Kb Hind III - Pst Z fragment of 
the celanogr.ntsr 70 KD heat shock protein proswter was 
isolatod from tho cube lone pPtf 229 (Holsgron, R. et al., 

30 1979 , Cell 18 t 1359-1370) and cloned Into Hind ZZZ - Pst I 
cut pGSX 4Z, The heat shock promoter was excised as a Hind 
III - Sma I fragment and cloned Into Hind ZZZ - Sma Z cut 
PAL 1001. This produced a vector (PAL 1009) that contains 
a heat shock promoter followed by a portion of the 
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poiyiinxer and nos ter. Tho Sma I site was used to clone 
the 1.3 Kb Hind III fragment from clone LIS following 
making thia fragment blunt end^d. The clone containing thia 
fragment in the anti-sense orientation relative to the heat 
shock promoter was called PAL 1403. This vector was used to 
tran3fona Bransica r.apus as in example 34. Additionally, 
since a single Eco RI site exists at the end of the noa ter 
in this construct, a selection marker gene was added to 
this construct, the enzyme 3eta-giucuronidase driven by the 
CaXV 35S promoter using this unique Eco RI site for the 
insertion of this gene. This vector, which is the same as 
PAL 1403 except that it now contains a convenient gene for 
scoring transformation was named PAL 1408 and was used for 
transformation of Brassica napua as described in example 



Sxar.pie 5 

This example relates to the use of a pollen specific 
promoter to specifically express pollen specific anti-sense 
FLNA in pollen cells. For this, the vector PAL 1107 was used 
for the production of anti-sense RKA from the cDNA clone 4F 
described in Figure 4. To construct this anti-sense 
vector, the 2co RI fragment froa the cDNA clone 4F was 
isolated, mcdo blunt ended with JUenow and cloned into the 
Sma I site of PAL 1107. A vector that contained the cDNA 
clono in tho ^nti-canso orientation (as determined by 
restriction cssjeo analysis) was chosen. This vector was 
naaodjPAL 11074? end used to transform Brassica napus aa 
described in example 34. 

Example 6 

For this example, the vector PAL 1107 was used for the 
production of anti-sens© RKA froa tho 2,4 Kb Baa HI 
fragment of clone L16 described in exaaple 2. To construct 
this anti-sense vector, the 2.4 Kb Bam HI fragment from 
clone L16 was isolated and cloned into the Bam HI site of 
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PAL HC7. A vector that contained this fragment in the 
anti-aonoo orientation (as deteraino by roitriction enzyme 
analysis) was chosen. This vector was named PAL 1107-16CRAS 
and used to transform 3rasalca napua as described in 
5 example 34. 

Example 7 

For this example, the vector PAL 1107 was used for the 
production of anti-sense RNA from the 1.3 Kb Hind III 
fragment of clone L19 described in example 3. To construct 
this anti-sense vector, the 1.3 » Hind III fragment from 
clone L19 was isolated and made blunt ended and cloned into 
the S*a I site of PAL 1107. A vector that contained this 
fragment in the anti-sense orientation (as determine by 
restriction enzyme analysis) was chosen. This vector was 
15 named PAL U07-19CRAS and used to transform Braaelca napus 
as described in example 34. 

2::ar,ple 8 

For this, the vector PAL 1107 was used for the production 
of anti-senoe rxa from the cDNA clono related to clone L10 
deccribod in Figuro 5. To construct this anti-sense vector, 
tho Zco ri fraccont from the cDNA clone was isolated, made 
blunt ended with Xlenow and cloned into tho Sraa I site of 
PAL 1107. A vector that contained the cDHA clone in the 
anti-sonce orientation (as determined by restriction enxysw 
25 analysis) was chosen. This vector was named PAL 110710G and 
used Xo^transfora Braaalca napua as described in example 
J4 * 
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Example 9 

For this, tho vector PAL 1107 was used for the production 
30 of anti-cenae rka from tho cDHA clona rslated to clone L19 
described in Figure 6. To construct this anti-sense vector, 
the Eco RI fragment from the cDMA clon« was isolated, made 
blunt ended with Klenow and cloned into the Su I site of 
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PAX. 1107. A vector that contained the cDNA clone in the 
anti-sense orientation (as datormine by restriction enzyme 
analysis) was chosen. This vector was named PAL 110719 and 
used to transform 3rassica napus as described in example 
5 34 . 

Example 10 

In this example, the pollen specific promoter in the vector 
PAX* 1421 was used for the production of anti-sense RNA 
using the cDNA clone homologous to the gene contained with 

10 L10. This was accomplished by excising the cDNA clone from 
the cloning vector with Eco RI and making this fragment 
blunt ended with Klenow. This blunt ended cDNA fragment was 
cloned into the Sma I site of PAX* 1421. Clones were 
recovered that contained the cDNA insert in both 

15 orientations, and one was chosen that contained the insert 
in the anti-sense orientation relative to the promoter of 
PAX* 1421, resulting in the formation of a binary 
transformation vector PAL 1492. PAL 1492 was used to 
transform Braesica napus as described in example 34. 

20 Example 11 

In this example, the poiion specific promoter in the vector 
PAL 1121 waa used for tho production of anti-sense RNA 
using the cDUA clone homologous to the gane contained 
within L10. Thia waa accomplished by excicing the cDNA 

25 clone -front tho cloning vector with Eco RI and making this 
fragment, blunt ended with Klenow. Thia blunt ended cDNA 
fragment was cloned into tho Sma I site of PAL 1121. Clones 
were recovered that contained the cDNA insert In both 
orientations, and ono was chosen that contained the insert 

30 in the anti-sense orientation relative to tho promoter of 
PAL 1121, resulting in the formation of a binary 
transformation vector PAL 1110. PAL 1110 was used to 
transform Braasica napus as described in example 34. 
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Example 12 

In this example, the pollen specific promoter from clone 19 
was used for the expression of pollen specific anti-sense 
RNA. The transformation vector PAL 1920 was digested with 
5 Sma I . To the Sma I site was added the DNA fragment 
corresponding to the cDNA clone homologous to clone L10 by 
digesting the vector containing this clone with Eco RI and 
making the fragment blunt ended. This blunt ended cDNA 
fragment was cloned into the Sma I site of PAL 1920. Clones 

10 were recovered that contained the cDNA insert in both 
orientations , and one was chosen that contained the insert 
in the anti-sense orientation relative to the promoter of 
pPAL 1920, resulting in the formation of a binary 
transformation vector PAL 1921. PAL 1921 was used to 

15 transform Er&ssica napus as described in example 34. 

Example 13 

In this example, anti-sense RNA is made specifically to the 
intron region of clone L19 and a specific restorer gene is 
made which lacks the intron from clone L19. The 
20 construction of these two vectors is outlined In Figure 12. 
PAL 1954 was used to transform Braaslca napus as In example 
34 to make a male sterile line. To create a specific 
restorer plant line , the vector PAL 1955 wee used to 
transform Braasica napus as in example 34. 

25 Example .14 

In thJ-a~ example, tha highly active promoter fragment of 
clone HP 101 wo used to synthesize anti-sense RNA to the 
intron region of clone 19. For this example, the subclone 
containing the intron region of clone 19 that is detailed 
30 in Figure 12, pPAL 1914 was digested with Hind III and Baa 
HI. The promoter fragment from clone pPAL HP 101 was added 
to this construct as a Hind III - Bam HZ fragment giving 
rise to clones containing the promoter fragment in the 
anti-sense orientation relative to the intron. Thie clone 
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contained the promoter in an orientation such that 
transcription of the promoter would cause the production of 
an RKA a portion of which would contain anti-senae RNA 
homologous to the intron region of clone L19. This clone 
5 was called pPAL 19H?. The clone pPAL 19HP was digested 
with Hind III and Sat I, and cloned into the vector PAL 
1001 using the Hind III and Sst I sites of PAL. 1001/ 
creating PAL KP19- PAL H?19 was used to transform Brassica 
napus as in example 34. It should be noted that the vector 
10 PAL 1955 (see example 13 and Figure 12) can be used for 
fertility restoration in plants that carry PAL HP19. 

Example 15 

The pollen specific promoter contained in the subclone pPAL 
0420 was used for tha construction of an anti-sense RNA 

15 gene under the control of a pollen specific promoter as 
follows i A DNA fragment coding for a polyubiquitin of 
Arabadopsi3 was isolated from a plasmid which contains a 
polyubiquitin gene that has 5 copies of the ubiquitin 
monomeric protein was obtained from the University of 

20 Wisconsin, Madison, VI, USA and is described in Burke et 
al., Molecular and General Genetics, in press. A Baa HI-Bgl 
II fragment, was isolated that contains 3 of the 5 copies of 
the polyubiquitin gano and this fragment was inserted into 
pPAL 0420 by using the single Baa HI site of the polylinxer 

25 of PATi C42C. This gava rise to a plasaid containing the 
pollen^. specific promoter from clone L4 followed by an DNA 
fragsaaS containing ubiquitin coaing sequences in the anti- 
sense orientation followed by the nos ter polyadenylation 
signal. This proi*oter /anti-sense geno construct was excised 

30 from pPAL 0420 by digestion with Zco RZ. The Bco RI 
fragment that contains the promoter anti-sense gene wa» 
inserted into the Eco RI site of the polylinxer of BIN 19, 
resulting in the formation of a binary transformation 
vector was named PAL 1479. PAL 1479 was used to transform 

35 Brassica napus as described in example 34. 
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The vector PAL 14 7 9 was used to transform tobacco as 
described in example 34. 

Example 17 

5 The pollen specific promoter contained in the subclone pPAL 
0420 was used for the construction of a pollen specific 
anti-sense RNA gene as follows: A DNA fragment coding for 
pine act in was obtained from J. Kenny-Byrne, Petawawa 
Canada. Two clones wera obtained, Pac 1-A and Pac 2, the 

10 clone Pac 1-A being described in i Canadian Journal of 
Forestry Research (1988) 13:1592-1602, and the second clone 
Pac 2 (the 3equer.ee being closely homologous to that in Pac 
1-A and the nucleotide sequence of which having been 
submitted for publication) • A Sph X fragment was isolated 

15 from Pac 2 that contains the complete coding sequence of 
pine actin . This fragment also contains a small amount of 
5' and 3* r.on-coding region. This Sph X fragment was cloned 
into the uniquo Sph I site of pGZJi 42. 7rom this subclone, 
a Xba X fragment was isolated that contains) only coding 

20 region and this JIj* X fragment was cloned into the unique 
Eco RI fiita o2 pGZZl ^ 2. A clone was chosen that had the 
orientation nuch that tha 5 1 end of the geno was next to 
the Baa HI sito in tho polylinkor and the 3' end of the 
gone was noxt to tha Sal X site in the polyiinJcor. This 

25 plasaid\.wa3 called pPAL PAC . The actin coding region was 
isolated, fora p?AIj PAC by digestion with Dam HZ and Sal I. 
This Baa HI - Sal I fragment was cloned into pPAI* 0420 
using the Ban HI and Sal X sites contained within the 
polylinJcer of p?Al» 0420. This gave rise to a plasmid 

30 containing the pollen specific promoter from clone I#4 
followed by an D^A fragront containing the actin coding 
sequence in the tr.ti-aence orientation followed by the nos 
ter polyadonylation signal. This proaoter/anti-sense gene 
construct was excised from pPAL 0420 by digestion with Eco 
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RI. The Zco RI frdcr.cnt that contains the promoter anti- 
ser«*e gene was inserted into the Eco RI site of the 
polylinxer of BIU 19, resulting in the formation of a 
binary transformation vector PAL 1498. FAX 1498 was used to 
transform Brassies, napus as described in example 34. 

Example 13 

The vector PAL 1498 wa3 used to transform tobacco plants as 
outlined in example 34 . 

Zxanple 19 

In tius example, tobacco that has been previously 
transformed to hygrcnycin resistance was transformed with 
an anti-sense gene that specifically blocks the hygromycin 
resistance in the pollen cells by virtu© of the fact that 
the anti-sense gene is under the control of a pollen 
specific promoter in the vector PAL 1106 . Transformed 
tobacco that were resistant to hygromycin were obtained 
using the vector PAL 1302 which ia described in example 1. 
Selection of tobacco plant colls resistant to hygromycin 
was via coculturo with PAL 1302 and selection of 50 ug per 
ml hygromycin. Southern blot analysis demonstrated the 
presence of 5-6 copies of the sense hygromycin 
phosphotransi eraso gono in one plant. This plant, referred 
to as TTTt-122, vac rctransf orzeed with a vector called PAL 
1107A. Pal 11C7A is the vector PAL 1106 to which has been 
added _t£c C.3 Kb Dam XX hygromycin phosphotransferase 
fragncrsi. isolated frcs PAL 1302 and inserted into PAL 1106 
in the c;ti-:cnj« orientation rolative to tho pollen 
specific pzczxDZar in PAL HOC. Tho resulting vector was 
called PAL 11C7A. Plants obtained froa this transformation 
were resistant to both hygromycin and kanaaycln in the leaf 
tissue and were shown by southern blot analysis to contain 
the anti-sense gene. Theso plants were allowed to grow in 
the greenhouse and solf fertilize. Clonal propagation of 
these plants were used as a preliminary increase of single 



plants, and there clonaiiy propagated plant* were used for 
the production of -.ale sterile pla-iit lino. For example, a 
plant which contained a single cop/ of the anti-aense gen* 
and was derived from the transformation of TTR-122 waa 
5 planted in a sand soil mixture and allowed to grow in the 
Qreenhruse. This plant is referred to as TTR-203. 
Measurement of the hygromycin phosphotransferase activity 
in this plant demonstrated high activity in leaves, petals, 
stigma and pistai and anther walla, but very low levels in 

10 pollen. TTR-12 2 showed high levels of hygromycin 
phosphotransferase activity in leaves, petals, stigma and 
pictal and anther walls and in pollen. Thia demonstrated 
that the anti-sense gene was effective in blocking the 
expression of the sense gene only in the pollen. Northern 

15 blot analysis confirmed the presence of the anti-sense 
transcript specifically in the pollen of TTR-203 and also 
demonstrated low levels of the sense gene mRNA. When flower 
buds first appeared, TTR-203 was watered t iree times weekly 
with a solution of hygromycin (250 uga per ml*), thoroughly 

20 saturating the sand soil mixture. Thia watering waa 
continued for approximately four weeks, or the period c J 
time in which tho major flowering waa occurring. Flowers 
produced during this time on plants containing the anti- 
sonso gano wore mala sterile. Anthor and pollen formation 

25 was inhibited, and mature pollen failed to develop. Female 
fertility waa unaffected by thia treatment: aa hand 
pollination could bo uaod for tho pollination o£ the female 
portion oi tho nala sterile flowora. Pollen that was from 
a hygroaycin resistant plant waa used for thm hybrid aeed 

30 production. Watering of the planta with hygromycin waa 
stopped, and nornal watering waa reaueed. Flowera that 
formed on planta after the hygromycin watering waa stopped 
were mala fertile and set selfed seed. 
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The pollen specific vector PAL 1107 was used for the 
production of -ale sterile plants . The plant TTR-122 
described above, was re trans formed with a vector called PAL 
1107KYGAS. Transformation was conducted as described in 
5 example 34. Pal 11G7HYGAS is the vector PAL 1107 to which 
has been added the 0.8 Kb 3am HI hygromycin 
phosphotransferase fragment isolated from PAL 1302 and 
inserted into PAL 1107 in the anti-sense orientation 
relative to the pollen specific promoter in PAL 1107. 

10 Plants obtained from this transformation were reei^nant to 
both hygromycin and kanamycin in the leaf tissue and were 
shown by southern blot analysis to contain the anti-sense 
gene. These plants were allowed to grow in the greenhouse 
and self fertilize. Clonal propagation of these plants were 

15 used as a preliminary increase of single plants, and these 
clonaliy propagated plants were used for the production of 
male sterile plant lines as in example 19. 

Example 21 

For the production of male cterile plants, the vector PAL 
2 0 1419 was used to transform Tobacco as outlined in example 
34. The vector PAL 1419 contains the pollen specific 
promoter from clono L4 controlling tho expression of the 
NPT II gano orionted in the anti-sonso orientation relative 
to the pollen specific promoter. This vector also contains 
25 a constitutivo version of tho NPT II gone in the sense 
orientation driven by tho noo promoter. This vector 
therolczo can confor resistance to k nn a w ycln in all plant 
celia excopt poll3n colla whexain tho expression of the 
sense gano is inhibited by the expression of tho anti-sense 
30 gone which io specifically exprssaod in the pollen. Tobacco 
plants were obtained following trens f oraation of the vector 
PAL 1419. These plants waro rooted and allowed to set 
flower. Plants were watered with kanamycln while flowering. 

Example 22 
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The vector PAL 1415 was used to transform Brassica napua as 
outlined in example 34. 

Example 23 

The vector PAX- 1419 was used for the transformation of 
petunia leaf discs . 

Example 2 4 

In this example, the complete ricin A chain (pPAL Riccom) 
described in Figure 13 was inserted into the vector PAL 
142 0 as a KI fragment. Vectors wore recovered that 

contained the ricin gene in both the sense and anti-sense 
orientation. A vector that contained the ricin A chain in 
the sense orientation was recovered and called PAL 1420RIC. 
A vector that contained the cane in the anti-sense 
orientation was caiiec PAL 14 20AICA3 . PAL 1420RIC and PAL 
14 2 GRICAS wore used for transformation oZ Eraaalca napua as 
^ascribed in exaxple 34 giving rise to plants that carried 
either tho sense or anti-sanso copy of the ricin A chain 
qene .*ndar the control of the pollen specific promoter in 
PAL 1420. 

Sxar.plfc 25 

In this example, tha truncated version of the ricin A chain 
(pPAL Rictr) descried in figure 13 vaa inserted into the 
vector PAL 1420 as a Bas HI fragment. Vectors were 
recovered that contained the truncated ricin gene in both 
the a^ase end anti-sons© orientation. A vector that 
contained tho ricin A chain in the sense orientation was 
recovered and called PAL 1420taiC. A vector that contained 
the gena in the anti-senro orientation vas called PAL 
1420tRlCAS. PAL 1420t^IC and PAL U20tRICAS were used for 
transformation of Bran.^ica n&pus as in example 34 giving 
rise to plants that carried oithor tho sense or anti-sense 
copy of tho truncated ricin A chain gone under the control 
of the pollen specific promoter in PAL 1420. 
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PAL and PAL 1420RICA3 vera used for transformation 

of tobacco plants as in example 34, giving rise to plants 
that carried either tha sense or anti-sense copy of the 
5 ricin A chain gene under the control of the pollen specific 
promoter in PAL 142 0. 

Example 27 

The vectors PAL 142CtaiC and PAL 142GtRlCAS were used for 
transformation of tcbdcco plants as in example 34 giving 
10 rise to plants that carried either the sense or anti-sense 
cop/ of the truncated ricin A chain gene under the control 
of the pollen specific promoter in PAL 1420. 

Example 28 

For tnia oxanplQ, the vector PAL 1423 was used to express 
15 the poiylysine . gene contained in tha subclone pPAL pLys . 
The coding region fro*. pPAL pLys was isolated by Baa HI 
digestion and cloned in the sense orientation into Baa HI 
cut PAL 1423/ giving risa to PAL 1437. PAL 1487 was used to 
transform tobacco as in example 34. 

20 Sx&nple 29 

For this enazplo, the vector PAL 1920 was used to express 
the poly lysine gene c twined in tha subclone pPAL pLys . 
Tha coding region ^rcn pr-AL pLys was isolated by Baa HI 
dirfi-.^,\pn and cloned in the senso orientation into Baa HI 
25 cut PAL 1920, giving rice to PAL 1987. PAL 1987 was used to 
transform tobecco as in example 34. 

Exar.plo 30 

In this exanple, a pollen specific promoter was used to 
synthesize a protein moleculd that is destructive to 
30 cellular function and development , namely the protease 
trypsin. The cDHA sequence coding for trypsin has been 
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dcscriixKi oy SZzvonzcn ez al., Nuci Acida Res, 1986, 
14 i 83G7-S33C . Tha cGIiA ciono p;t?t9 was obtained and used 
for tho production cf a modified trypsin colocule in which 
the N-teminal o^iino acid residues vero removed to give a 
5 protein that consisted of solely the active protease form 
of trypsin and differed from the mature form in that there 
was a methionine re3idue at the N-tenninal position of the 
mature protein, replacing the Isoieuecine found at this 
position in the active mature protein. This was 
10 accomplished by digesting the placmid pXPt9 with ?ok I and 
Pst I , and recovering a fragment that encompasses 
nucleotidec 81 to 835, the nucleotides after 835 being the 
GzC tail U33d icr cloning of the cDNA, and treating this 
fragment with Xienow, and cloning into blunt ended Sma I 
15 cut M13mpiSR?, and isolating a 3ingle stranded phage clone 
that was used for site specific metagenesis to change the 
isoleucine codon at nucleotide 84-36 in the published 
sequence froa ATT to ATG, introducing a initiation codon 
where the isoieucino ccdon was. The nutated geno recovered 
20 was excised with Sal I and Sst I, and inserted into PAL 
1421 and nar:cd ?AL 1455, The vector PAL 1456 was used to 
transform tobacco a- in example 34. It should bo noted that 
a restorer geno can bo cado if a trypsin inhibitor is 
insortod in an an-iogcus fashion using a clone L4 derived 
25 promoter and tr zsiz forced into a male parent line* The 
expression of tho trypsin inhibitor in the hybrid will 
&poci£l££lly biocU tho activity of tho trypsin enzyme, a 
nunbor^pf cDim and genomic DZCA sequences can be) found for 
soybean and othor trypsin inhibitors, for example sees 
3 0 Jof uJcu , K . D . and Goldberg, R . B . , The Plant Cell 1989 , 
111079-1093. 

Example 31 

In this example, wo use a pollen specific promoter to 
synthesize the onzyzo lanH specifically in pollen cells ♦ 
35 The enzyme has activity that can cause the production of 
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KAA from NAX, tac :ub::,:nca NAA functioning as a plant: 
horaona that is substantially tonic to developing pollen 
grains, whila the precursor XAK being relatively non-toxic. 
For this example, the lar*I-I gene was inserted into the 
5 vector PAL 1423. The XamH gene was isolated from pPCV311 as 
described in Figure 19 and cloned as a Bam Hl-Sst I 
fragment in the Bam Hl-Sst I sites of PAL 1423, creating 
PAL 1424. This vector has the lamH gone (T-DNA gene 2) 
under the control of a pollen specific promoter from clone 
10 L4 . PAL 1424 was used to transform Tobacco as outlined in 
example 34. 

Example 32 

The vector PAL 1424 was used to transform Brassica napus as 
outlined in example 34. 

15 Sxajr.pl 2 3 3 

In this example, the vector PAL 1107 was used for the 
production of tissue-specific GUS (beta-glucuronidaae) 
enzyme. The cane for this enzyso is available from 
Cionetech Laboratories, Palo Alto, CA, , USA. The gene was 

2 0 inserted into PAL 1107 as a Bam :-H-S3tI fragaent and was 
used to trans f ore tobacco aa in example 34. Plants produced 
had detectabio G"J3 activity only in developing pollen 
cells, and not any other tissue tostod. It should be noted 
that application ol non-toxic analog of glucuronic acid to 

25 which _fcac boon conjugatod a toxic molecule such as 
glyphq^nt© could bo applied to those plants and cleavage of 
the toxic acioty froa the glucuronic acid would occur only 
in pollen coils. This provides an cwrplo of an enxyme that 
could b« used for tho production, in a tissue-specific 

30 fashion, of a toxic substance froa a non-toxic analog. 

Example 34 

This example daacribos methods used to transform tabacco 
and Brassica napus. 
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For tobacco transformation, the tobacco cultivar, N. 
taisaccun, cv. Dslgold vac used. To accomplish this 
trans formation, tobacco leaves less than 8 inches in length 
were surface sterilized by exposure to ethanol for 5-6 
5 seconds, then subsequent exposure to 1% sodium hypochlorite 
for a few minutes, usually 5-1C minutes, or until the cut 
edge of the petiole turned white, then were rinsed several 
times in sterile distilled water. Leaf segments of 
approximately 0.5 to 1.0 square centimeters were excised 

10 from the sterile leaves, and were cocultured on shoot 
inducing media for two days with Agrobacterium tumefaciens 
GV 3101 carrying the Ti piasmid pHP 90 to provide vir 
functions in trans (dsscrib^ad by Xoncz, C. and Schell, J., 
1986, Mol. Gen. Genet. 204 x 333-396 ) carrying the binary 

15 vector of interest. The vector is usually a derivative of 
Bin 19 which contains the 17?? IX gc no dx i ven by t he 
nopal ine synthase promoter and terminated by the no 8 ter 
for selection of plant cells with kanamycin. Bin IS is 
available from Clonetoch Laboratories, Palo Alto, CA. , 

20 U.S.A. Trans formed tcbccco ceils axe selected on a shoot- 
inducing medium containing 0.6% agar, MS salts, B5 
vitamins, 33 sucroso, 1 mg per L of benxyl adenine, 0.1 mg 
per L of alpha naphtha! a no acotic acid, (NAA) 300 pg/ml 
kanamycin and 500 uq/^X ctrtxnicillln (essentially as 

25 de&cribod by Mo r sen ct al. 13C5, Scienco, 227 $ 1229-1231) . 
Regenerated, o hoots arc then transferred to a root-inducing 
modlun consisting of S5 medium with 2ft sucrose, 500 pg/al 
carbeaiclllin and 0.5 sg/L ecch of HAA and indoleacetic 
acid (XAA). Roc tod trans fomants are transferred to a 

30 misting chambar containing high humidity, after which the 
humidity is gradually lovorod and plants are subsequently 
transferred to tha graonhouoe. 

For transformation of Bra a sic a napus, the binary 
vector containing Agrobacteriua strain GV 3101 carrying pKP 

35 90 to provide vir functions in trans is used. 
Transformation was carried out either using the method 
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described in Xclonoy, M . . , et al . (Plant Call Reports 
(1959) 8 1233-242) or, trar.s formation can be carried out 
with surface sterilized stem epidermal layers. For this 
procedure, seeds of a. napus L. ssp. oleifera cv. Westar 
5 were sewn in ' Pro-dx ' mixed with 2g/l of the slow-release 
fertilizer ' Nutricoate ' in 8" pots. Plants were grown in 
the greenhouse under a 15 photoperiod (using natural and 
artificial lighting) . For coculture and regeneration 
experiments stem-section3 from the top three stem 
10 internode3 of approximately 1.5 mo.kth old plants were used 
(i.e. those with elongated floral spikes and several open 
flowers). Intact stem-sections were surface sterilized for 
30 seconds in 7 0% eth^nol and 10 minutes in 1% sodium 
hypochlorite followed by three rinses in sterile distilled 
15 water. For transformation Agrobacterium tumefaciens GV 
3101 carrying the Ti plasmid pXP 90 to provide vir 
functions in trans and the binary vector of choice was 
grown on YZP madia (which consists of 10 gm per L of Yeast 
Extract, 1C gm per L of Bacto-popetone and 5 gm per L of 
20 NaCl / pK 7.0 containing 100 ugs por ml* kanamycln for 
selection of bacterial cells that contained the binary 
vectors). Cells were grovn from one to two days at 28C. 
The cells ware collected by centrifugation and were 
rasuspended at en approximate density of 10* - 10 7 cells per 
25 ml. in liquid £2* vhich consists of MS micro- and macro- 
nutrients and 33 vitamins containing 40 mg/L of FeNa-BDTA 
(obtaijiGd fron ZDH chemicals) and 3% sucrose, 10 mg/I* 
Benzy i&lenina , and 0.5 mg/L alpha naphthalene acetic acid 
(NAA) and 18.2 nil ^;0 J plus 20*5 mX NH 4 K0 3 . Modlum was 
30 solidified with 0.33 agar (Sigma) when the EX. madia was 
used for solid media plates. 

The cell suspension was poured into the bottom of a 
sterile potri dieh and sterilized stems warm dissected 
directly in tho bactorial suspension*. Tha segments warm 
35 sectioned longitudinally into half segments and cut into 
approximately 5 ma sections. The dissected segments were 



placed on filter papor dice on solid EL cad.i.a for a 3 day 
cocuiture under continuous fluorescent light (60 
microeinstoins/m2/3ec2 ) it 25C. After a 2-3 day coculturo, 
explants were transferred to solid 2L media containing 500 
ug/mL carbenicillin, and 100 ug/mL bekanamycin (Sigzna) . 
Shoots formed in 4-8 weeks, sections were transferred to 
fresh solid EL media with carbinicillin and bekanamycin 
every 3-4 weeks. Shoots that formed and did not bleach 
were excised and rooted on PDR media (B5- with 2% sucroee 
and 0.5 mg/L each of NAA and IAA) . In some cases, green 
non-regenerating callus growing on selective medium was 
separated from explants and transferred to fresh medium to 
stimulate regeneration. Transformed plants were placed in 
misting chamber, and after two - four weeks transferred to 
the greenhouse . Plants were grown under a 16 hour 
photoperiod and allowed to flower. 

Clonal propagation was used to increase plant lines as 
wall as hand crossing and selection of seedlings from 
crossed plants on kanamycin containing media. This media 
consisted of O.Gft agar, ono-tonth KS salts and 100 ugs per 
mL bekanamycin (available from Sigma Chemicals, St. Louis, 
MO., U.S.A. ) with no sucrose in the media. Surface 
sterilized seeds were used. The seeds were surface 
sterilized by rinsing in 70% ethanoi for a few seconds, 
soaking in 1ft sodium hypochlorate for 15 minutes, followed 
by rinaing three times in sterile distilled water. Seeds 
were pj-accd on tha surface of tha agar in sterile dishes 
and allowed to sprout. Plants which did not carry the 
kanamycin gone linked to the ant is ens o gene bleached and 
died, while those that carried tho ant is ens • gene stayed 
green and were subsequently transferred to soil and allowed 
to flower. 

Example 35 

This example describes the isolation of two genes involved 
in tumor formation in plant tissues following infection 
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with Agrobacteriu^i, the la^iS and the IamK genes from the Ti 
plasmid of the Agrobicteriu^: tu^.efaciens strain C58. The 
isolation of the lajr^i cane ia particularly described* The 
source of DNA coding for these genes was the plasmid pPCV 
5 311. The plasmid ?PCV31i ia described ini Koncx, C. and 
Schell, J., Molecular and General Genetics, (1986), 
204:383-396, and contains the oncogenic region of the T-DNA 
plasmid contained in the C58 strain of Agrobacterium. The 
plasmid pPCV 311, contains a region of T-DNA that when 

10 transferred to plant cells causes tumor formation. This 
oncogenic region of the T-DNA is entirely contained in the 
plasmid pPCV-311. This region of DNA contains four genes, 
that when expressed in plant cells are sufficient for tumor 
formation. The approximate coding regions of these four 

15 genes and the direction of transcription of these four 
genes are indicated in Figure 15. The other portions of the 
vector pPCV 311 are not 3hown in that they are not relative 
to the following constructions. Additionally, the 
oncogenic region of the Agrobacterium strain C58 is located 

20 on the T-DNA plasmid within that bacterium, commonly 
referred to aa the wild-type nopaline plasmid. A nearly 
identical oncogenic region i3 also found in wild type 
octopine strains which could also be used as a source of 
genes. The complete nucleotide sequence of an octopine 

25 strain oncogenic region is described by Barker et al., 
Plant Molecular Biology 2:335-350 (1983). The partial 
sequeccs obtained from various constructs of genes derived 
from ,e£CV 311 was compared to the published nucleotide 
sequenco* 

30 Two genes were isolated from pPCV 311, the lamH and 

the lamS genes, commonly referred to aa gene* 2 and 1 
respectively. The lama gene was isolated by first 
subcloning the indicated Hind III fragment, a fragment that 
contains all of the coding region of gone 2 and additional 

35 5' sequence* that were subsequently removed for the 
construction of a promoter less version of the gene* The 
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restriction sites mapped in this subclone are shown in 
Figure 15 and the subclone is referred to as pPAL G2 . For 
the isolation of coding sequences only, pPAL G2 waa first 
split into two smaller clones and the gene later 
5 reconstructed. The Xba I - Sma I and Sma I - Sma I 
fragments shown in Figure 15 were isolated by gel elution 
and subsequently cloned into the following vectors t The 
Sma I - Sma I fragment was cloned into pGEM 4Z, giving rise 
to pPAL 899. The Xba I - Sma I fragment was subcloned into 

10 pGEM 7Z, giving rise to pPAL 898. The 5' non-coding 
sequences of the lamH gene that are present in this 
subclone were removed in the following faahioni pPAL 898 
was digested with Eco RI, the Eco RI site is in the 
promoter region of the clone, and in this subclone is the 

15 only Eco RI site. This digested DKA was then treated with 
Exonucleasa III/ and following digestion treated with SI 
nuclease and the Xienow fragment of DNA polymerase I. The 
treated DNA was then cut with Pst I and treated with Klenow 
fragment in order to make the Pst I ite blunt. The 

20 linear, digested, blunt ended placmid was then relegated 
and used to transform E. coli DH5-alpha according to 
standard protocols . Subclones vero chosen, sequenced and 
one subclor.a was chosen that was daleted to 8 nucleotides 
in front of tho ATG start of translation codon. The ATG 

25 start codon wcs determined by comparison of the nucleotide 
sequence obtained from the deleted subclones to the 
nucleotide sequence for the octopine strain described by 
Barker^ et al. Plant Molecular Biology 2 1 335-350 (1983), 
The nucleotido sequences of both the 5' non-coding and the 

30 coding region were nearly identical. This subclone was 
named pPAL 897, the ATG codon is shown in Figure 15, the 
direction of transcription in this case would be from right 
to left in Figure 15. The plaaaid contained the 5' half of 
the coding region from the lamH gene, with the promoter 

35 sequences deleted. 



The construction of the 3* half of the laxnH gene, 
contained in the plasmid pPAI* 89 8 wsb carried out as 
follows . A3' region of the gene that contains the 
polyadenyiation signal naturally found in tho gene was 
5 isolated by digestion pPAL, £98 with the enzymes Bam HI and 
Apa I. The digested DNA was treated with Klenow fragment 
to make it blunt ended and was relegated. This gave rise 
to the subclone pPAL. 396 , which is a plasmid that contains 
the 3' half of the lamH gens. To reconstruct the intact 

10 lamH gene, pPAI* 35 6 was digested with Hind III and Sma I , 
and the 3' half gene fragrant was isolated by gel elution. 
pPAL 89 7 was digested with Sma I and Hind III and the 
isolated 3' fragment from pPAl, 89S was cloned into these 
sites, reconstructing a promoterless version of the gene 

15 that contains the indicated array of restriction sites 
flanking the gene. This plasmid was named pPAL 895 and is 
shown in ?igure 15. 

Examples 36 

This example describes tho isolation and construction of a 

2 0 prozr.oter.le25 version of tho gone 1, IamSi indole acet amide 
synthase gano of tha Ti plasmid of the Agrobacteriua 
tumefacians strain C5S which procedure is summarized in 
Figure 16. The gene was isolated from the plasmid p?CV311. 
The Sma I - Pst I f ragnont that contains 5 ' and 3 ' regions 

25 of the lamS gone as well as the coding region was isolated 
by gel_elution and subcloned into a derivative of pGEH 42 
calle<i_pG211-no2co. pGZ2:-no2co is a plaamid from which the 
Eco RI site of pGZr+ 4Z has been removed by cutting with Eco 
RI and making blunt ended and relegating such that only the 

30 Ceo RI site was removed. The fragment was inserted in the 
orientation shown relative to the poly linker. This 
subclone was called pPAL S39. pPAL 889 was digested with 
Eco RI, and briefly treated with Exonuc lease III, followed 
by SI nuclease. The DNA was digested with Sma I and 

35 treated with Klenow fragment to make it blunt ended. The 
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DMA vras relegated and clones recovered. Some of these 
clone* vara chocan, secpuanced, and one clone was found 
which had 5 ' sequences aeleted such that only approximate 
15 bases up3tre^im of the ATG start of translation codon 
5 remained. This piasmid was named p?AL 3 88 . The Kpn I aite 
at the 5' end of the gene as well as the Pst I site at the 
3* end of the gene were both converted to Sal I sites by 
cutting with Kpn X, end filling with Klenov and adding 
synthetic Sal I linkers, and repeating the linker addition 
10 *t the Pst I site such that the entire gene can be excised 
as a single Sal I fragment. Thi3 plasmid van named pPAL 
837. This plasmid contains the promoterless version of the 
lainS gene and contains the array of restriction sites shown 
that flank the gene as shown in Figure 16. 

15 Example 37 

This example relates to the detailed characterization of 
the coding regions of clone number L4 a microspore specific 
clone isolated from a Braasica napuo genomic library and 
the construction of vectors containing these genes. Figure 

20 2a is a schematic representation of the restriction map and 
coding rogions of clone number L4 . The clone contains 
three different members of the same gone family. These 
genes aro idontified as Bp4A, Bp4B and BpAC. The first 
(Bp4A) and third (Bp4C) ganes are functional, the second 

25 gene has modifications that most likely render it non- 
functional. Tho restriction map is zaade diagrama tic ally in 
that Xho non-transcribed regions aro shown as a single 
line, while the transcribed regions aro shown as a boxed 
area. The second gene (Ep43) is identified on the basis of 

30 sequence homology and is therefore boxed with a dotted 
line. The notation "del 220" refers to an approximately 
220 base pair deletion /rearrangement affecting the second 
gene (Bp4B) in this clone. Start of transcription is 
located at the leftmost side of each boxed area (except in 

35 the case of gene Bp4B) and exon and intron positions are 
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noted by tha axon:: being filled in with blacx and the 
intron. positions baing loft unfilled. A small arrowhead is 
shown on the non-transcribed 5' region of each gene, this 
arrowhead serves to indicate the promoter region of each 
5 gene. Restriction sites are identified such that the 
number of the first nucleotide of the restriction enzyme 
recognition site is shown. Not all restriction sites are 
shown, only those relative to the constructs detailed 
within are indicated. The genes are presented with the 5' 
10 region being on the left side and the 3* region being on 
the right. The numbering of the DNA sequence in all cases 
starts from iett to right, 5' to 3*. 

In Figure 3a, the DNA sequence of the clone L4 is 
shown, the orientation of the sequence and the genes 
15 contained within the microspore specific clone from 
Brassier napu3 are from 5 ' to 3 * . In Figure 3a, clone L4, 
nucleotide 1 in the complete sequence is at the left-most 
Eco Rl site while nucleotide 8579 is at the first 
nucleotide of the right -moat Eco Rl site. The start of 
20 transcription of gene 1 in clone L4 is nucleotide 235. The 
5* and 3' intron splice sites arc identified in boldface 
type. Tha start ATG coden is shown as well as the stop 
termination codon. The doduced azsino acid sequence of the 
proteins encoded for by these gonca are also shown. The 
25 end of transcription for gene 1 ia approximately nucleotide 
1427. As indicated above the second gene in clone L4 is 
most ^Likely non- functional duo to an insertion and a 
deletion that occur a in the region of the promoter and 
first ©son. This gone was not utilised for constructs. 
30 The third gons in clone L4 has a transcriptional start at 
position nuxbor 62 S8 in the DllA sequence and transcription 
ends at approximately nucleotide 7490. The ATG start 
codon, intron splice sites and termination stop codon axe 
all identified as above. Vectors were constructed frost 
35 this clone by using promoter fragments froa both genes 1 
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and 2. The specific promoter fragment constructs ara 
detailed boiow. 

The construction of 2 vectors containing promoter and 
promoter fragments from the clone L4 was carried out as 
5 follows and as shown in Figure 7 (A,B,C,D) The fir*t 
vector was constructed by first subcloning the Eco Rl-Sst 
1 (nucl. 1-2132) fragment containing the first gene of 
clone L4 (235 base pairs of promoter/exon/intron/ second 
exon) in the corrjnarcially available vector pGEH-4Z (Promega 

10 Biotech, Madison, WI, U.S.A.) using the Eco Rl-Sat 1 sites 
of the poiylinker of this vector. This plasaid was named 
pPAIi 0402 . The 2.7 zUa Eco RI fragment of clone L4 that 
contains the third gene (3p4C) was than cloned into the Zee* 
RI site of pGEX 4S, leading to a plaamid coxlod r r *AI* 0411. 

15 The plasmid pPAL 04 02 was then digested with Sco r.\ and the 
2.7 Kb Eco Rl frac-nent froa pPAL 0411 (nucl. 56.59-8579) 
that contains the gene number three (Bp4C) from clone L4 
was added to it. Clones w^re recovered that contained this 
inserted 2.7 Eco Rl fragmont in ooth orientations 

20 relative to the promoter region of the first gene. A clone 
that contained tMs third gene fragment in an orientation 
such that the promoter froa the third gene was opposite to 
the promoter in the first gane was chosen and called pPAL 
0403. pPAL 0403 contains the entire third gene froa clone 

25 L4 oriented in such a fashion as to have the promoter 
region iratediatoly adjacent to the 235 baae pair promoter 
regionjof the first gena in pPAL 0C03. This plasmid, pPAL 
C403 vfl3 digested with Dda 1. Cde 1 digestion produced a 
fragment of approximately 1.9 Kb. The Ddo I sites are 

30 located at nucleotides 303 and 7366. Because of the 
orientation of these fragments/ digestion with Dde I 
prcduces a 1.9 Kb fragment* This 1.9 Kb fragment contains 
a copy of the third gene (Bp4C) oriented such that the 
direction of transcription of this third gene is from right 

35 to left, fused to the 235 base pair promoter fragment from 
the first gene of clone L4 (Bp4A) which is transcribed from 
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left to right, ending in a Dds I site that is located 67 
basepairs down stream of the major start site of 
transcription and proceeds the ATG start of translation 
codon by 2 nucleotides. This 1.9 Kb Ode I fragment made 
5 blunt with Kienow fragment and cloned into the Xba I site 
of the polylinker region of pGEM 4Z previously made blunt 
nnded with Klencw fragment. The resultant plasmid 
pPAL0403/ was recovered and subsequently was digested with 
Sal I and Sst I, which releases the cloned Dde I fragment 
10 bordered by on the left hand side/ (nucl 7366) Sal I and on 
the right hand side (nucl 303) of this construct and 
contains a portion of the polylinker of pGEH 4Z containing 
the following unique sites: Ba^n HI, Sma I, Kpn I, and Sst 
I restriction enzyme sites. This Sal I - Sst I fragment 
15 was cloned into the Sal I - Sst I sotas of PAL 1001, PAL 
1001 is the binary vector Bin 19 (described by Bevan, M., 
Nucleic Acids Res., 1984, 12:8711-8721) to which has bean 
added the nor ter polyadenylation signal as a 260 bp Sst I 
- Eco RI fragment isolated from the plasmid pRAJ 221 
20 (available from Clonetech Laboratories, Palo Alto, CA, 
U.S.A. ) in the S3t I - Eco RI sites of the poiylinker 
region of Bin 19* The nos tar is identified as a stippled 
box. The binary transformation vector that resulted from 
the insertion of the Sal I - Sst I fragment of pPAL 0408 
25 into PAL 1001 was named PAL 1107. The details of the 
construction are shown in Figure 7A* This vector has a 
copy ogr tho third geno oriented 3uch that the direction of 
transcription of this third go no is froa right to left, 
fused to the 235 base pair promoter fragment from the first 
30 gene of clone L4 which is transcribed from left to right, 
followed by a poiylinker with unique sites for the 
insertion of OKA which consist oft Baa HZ, Sma I, Kpn Z and 
Sst X followed by the nos ter. This vector has the feature 
in that additional 5' non-coding sequences were placet! 
35 upstream to the 235 base pair core promoter on Bp4A, but 
these additional 5 ' sequences were i*i an opposite 
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orientation. The provision of these sequences in this 
orientation does not affect the pollen specificity of the 
core 235 base pair promoter. With this vector, one can 
also ascertain for position effects of the transformation 
5 process in that since the vector contains an intact copy of 
the Bp4C gene, probing for the levels of expression of the 
Bp4C gene can give an indication as to what levels of 
expression from the other pollen specific promoter in P/il* 
1107 can be expected. 

10 Example 33 

This example describes the construction of additional 
vectors having the promoter regions of the genes contained 
i.n clone L4 whcih may be useful for pollcm specific 
expression of gene sequences. The three genes within clone 

15 L4 ^Ep4A, Bp4B, Bp4C) show very near-exact DNA homology and 
thif; is most apparent between th«* first (Bp4A) and third 
(Bp4C) gene. The second gene (Bp4B) is a homologous copy 
that has undergone sequence changes that have appear to 
have lead to inactivation of it. The extensive similarity 

20 between the first, second and third a© no* in clone L4 is 
also maintained in the promoter region such that out of the 
first 235 nucleotides of the first, and third gene promoter 
regions there aro only 5 nucleotides that differ between 
them. Downstream of the TATA box in these two promoters 

25 the only difference between them is the presence of one 
additional nucleotide at the start of transcription (e.g. 

Promoter 1 , Bp4A i TATGTTTtA AAA. . . versus promoter 

3,Bp4ci TATGTTTAAAA (transcribed region 

underlined, single nucleotide difference shown in lower 

30 case). However, with;.;-, the sequence of the first gene 
there is a nucleotide change that introduces a Dde I site 
(nucl 303) in the untranslated 5' leader sequence upstream 
of the ATG start: codon that is not present in the 
untranscribed leader sequence of the third gene in clone 

35 L4. For this reason, chimeric promoter constructs were 
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ir.ade which utilized thi3 ZZq I site in the first gene 
joined to sequences frc^ the third gene promoter. The 
region of the first promoter used for these constructs 
consisted of the sequences contained between the Sna 31 
5 site (nuci 210) near the TATA box to the Dde I site located 
iirjneaiately upstream of the ATG start codon in the first 
gene (nucleotide 303 is the first nucleotide in the 
recognition sequence for Dde I). The other region of this 
chimeric promoter (5' of tha TATA box) was a fragment 
10 extending from the Eco RI site of the third promoter 
(nucleotide 5858 ) to the Sna 31 site near the TATA box 
(nucleotide 6273). Therefore to facilitate construction of 
these pollen specific vectors, the following 
reconstructions were performed. 
15 The Eco RI to Dde I fragment that encompasses the 

promoter region of the first gene in clone L4 was isolated 
by first cutting pPAIi 0402 with Dde I , blunting with 
Klenow, and then cutting with Eco RI . The 235 base pair 
fragment corresponding to this region was cloned into the 
20 Eco RI - Sma I site3 of pGEX 4Z . This plasmid (pPAL 0422), 
was then cut with Eco RI and Sna 81 . A DNA fragment that 
contained the Eco RI to Sna BI portion of the promoter for 
gene 3 in clone L4 was isolated by digasting pPAIi 0411 with 
Eco RI and Sna BI. This released an approximately 415 base 
25 pair Eco RI (nucl 5853) to Sna BI (nucl 6273) fragment that 
represents most of the 5* region of the gene 3' promoter 
from clone 1*4 (the Sna BI recognition cite is 2 base pairs 
downstream of tha TATA box). This Eco RI - Sna BI fragment 
was used to replace the shorter Eco RI - Sna BI fragment 
30 removed from the first promoter subclone (pPAL 0422), 
reconstructing a promoter fragment of approximately 550 
base pairs . This plasmid is referred to as pPAL 0421 • 
This chimeric promoter fragment contains 415 base pairs of 
the promoter of gene three in clone L4, followed by 
35 approximately 99 nucleotides of the first gene 
promoter /untranslated leader sequence* 
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For construction of a pollen specific cassette vector, 
the fallowing plasmids were first constructed. The first 
plasmid constructed contained the nos ter polyadenylation 
signal with a poly linker in front of the nos ter. This was 
5 accomplished by first isolating from pRAJ 221 the nos ter 
as a Sst I - Sco RI fragment and this fragment was cloned 
in pGEM 42 using the Sst I and Eco RI sites in the 
polylinker . This subclone is referred to as pPAL 001. To 
p?AL 001/ a fragment coding for neomycin phosphotransferase 

10 ( NPT II) derived from the plasmid pRAJ 162 was added to it 
in the antisense orientation as follows: The plasmid pRAJ 
162 contains the NPT II gene from the transposon TN 5 
inserted as a Sal I fragment and bounded by a polylinker in 
the plasmid pUC-9 and was obtained from tho Plant Breeding 

15 Institute, Cambridge, U.K. pRAJ 162 was digested with Hind 
III and Sma I. The DNA fragment containing the NPT II gene 
was isolated by elution from an agarose gel. pFAI» 001 was 
digested with Hind III and Sma I and the NPT II gene 
fragment was lxgated into it. The resultant plasmid was 

20 called pPAL 002 and had such orientation of restriction 
sites and the HPT II gene and nos ter as follows t Hind 
III, Pst I, Sal I, 3* end NPT II coding sequence 5' end, 
Sal I, Bam HI, Sma I, Xpn I, Sst I, nos ter, Eco RI. pPAL 
002 was cut with Hind III and the site made blunt ended by 

25 the use of Klenow fragment. pPAI* 0421 was digested with 
Hinc XI and Pvu II, both of which leavo blunt enda, and the 
promoter fragment was ligated into Eind III cut blunt ended 
pPAli Ano Placmida were obtained that contained the 
promoter in bot^i orientations relative to the nos tar. One 

30 plasmid was chosen with the proper orientation (5' 
promoter/ antisense NPT 1 1 /nos ter) and was named pPAL 
0419. pPAI* 0419 has the following DI*A fragments t A small 
(approx. 130 bp) of pGES 42 that contains the SP6 promoter, 
the 550 baca pair chicearic promoter, the NPT II gene in 

35 the antisense orientation relative to the promoter, 
followed by the nos ter polyadenylation signal. This 
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entire pronoter/XPT ll/nos ter construct is excisable by 
Eco RI- In order to provide promoter sequences that could 
be utlized with additional gene constructs, the plasmid 
pPAL 0419 was digested with Sal I. This digest removes the 
5 NPT II coding region and this Sal I digested pPAL 0419 was 
relegated giving rise to p?AL C402. pPAL 0420 represents 
the pollen specific promoter followed by a polylinker for 
insertion of genes that has the following unique sites i 
Hinc II, Pst I, Sal I, Bam HI, Sma I, Kpn I, Sst I, 

10 followed by the nos ter poiyadenylation signal. The entire 
promoter/polylinker/nos ter construct can be conveniently 
excised as a single Eco RI fragment. The details of this 
construct is shown in Figure 7B. This plasmid was used for 
the construction of an additional pollen specific promoter 

15 in a binary transformation vector. The intact L4 clone in 
the lambda cloning vector was digested to completion with 
the restriction enzymes Sst I <ind Hha I. The resultant 
fragments were separated by gel electrophoresis and a 2.65 
Kb fragment that contains the promoter/ first 

20 exon/intron/partial second exon region of gene three in 
clone L4 and correcpor.Us to nucleotides 4565 to 7 216 in the 
sequence of clone L4 was isolated. This fragment was made 
blunt ended with Xlenow and cloned into the binary 
transformation vector PAL 1001 previously described with 

25 reference to Figure 7a. PAL 1001 was first cut with Hind 
III and made blunt ended with Xlenow. Cloneo containing 
this fxagnent (promoter/ first axon/intron/paxtial second 
exon) ^ars recovered. A clone was chosen that contained 
this fragment in the proper orientation such that the 

30 direction of transcription was towards the nos ter in PAL 
1001. This vector was naned PAL 1421. This vector 
contains approximately 1.9 xb of upstreaa promoter region 
from the gene 3 in clone L4 followed by the first exon, the 
complete intron and 15 bases of the second exon o£ gene 

35 throe followed by a polylinker containing the following 
unique sites! SaJ I, Xba I , Baa HI, Sma I, Kpn I, Sst I, 
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and finally the nos term poiy&denyiation signal. A vaxient 
of this vector w&3 constructed by digeating PAL 1421 with 
Eco RI and replacing the proinoter/exon/intrcn/ second 
exon/polylink^r/nos ter structure with the promoter/ 
polylinker/nos ter structure from pPAL 0420 using Eco RI 
such that a larger 5 ' promoter region is reconstructed in 
the binary transformation vector- The resultant vector was 
named PAL 1423 . The outline of this construction is shown 
in Figure 7D. 

Example ? ^ 

In this example, a pollen specific promoter is used to 
synthesize the enzyme IamH specifically in pollen cells. 
The enzyme has activity that can cause the production of 
NAA from NAM, the substance NAA functioning as a plant 
hormone that is substantially toxic to developing pollen 
grains, while the precursor NAM being relatively non-toxic. 
For this example, the lamH gene was inserted into the 
vector PAL 1423, The iamli gana was isolated from pPCV311 
as described in Figure 15 and cloned as a Sal I fragment in 
the Sal I site of PAL 1423, creating PAL 1426. This vector 
has the XamH gone (T-DNA gene 2) under the control of a 
pollen specific promoter from clone L4 in the sense 
orientation. PAL 1476 was used to transform Tobacco as 
outlined in Example 34* 

Ex am pi o- 40 

The vector PAL 1426 was used to transform Brass lea napus as 
described in Example 34. 

Example 4 1 

In this example, the vector PAL 1107 was used for the 
production of tissue-specific GUS (beta-glucuxonidase) 
enzyme. The gene for this enzyme is available from 
Clonetech Laboratories, Palo Alto. CA., U.S.A. The gene 
was inserted to PAL 1107 as & Bam HI - Sst I fragment and 
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was used to transform tobacco as described in Example 34. 
Plants produced had detectable GUS activity only in 
developing pollen cells, and not any other tissue tested, 
T^e application of a non-toxic analog of glucuronic acid to 
V*ich has been conjugatec a toxic molecule could be applied 
to these plants and cleavage of the toxic moiety from the 
glucuronic acid would occur only in pollen cells. This 
provides an example of an enz/uia that could be used for the 
production, in a tissue-specific fashion, of a toxic 
10 substance from a non-toxic analog. One such analog that 
could be used is Giuc-Camp, a glucuronic acid analog that 
is conjugated to chloramphenicol. When acted upon by 
glucoronidase, chloramphenicol is produced, inhibiting 
cellular growth and development. 

15 Example 42 

In this example, two isogenic plant lines (Al, A2) were 
produced that carried either the lamS or the lamH genes. 
Tobacco plants were transformed with PAL 1426 containing 
the iamH gene as in Example 33, producing the A2 line. The 

2 0 lamS gene described in Figure 16 was inserted as a Sal I 
fragment into the vector PAX, 142 3 in the sense orientation, 
giving rise to PAL 14 25. PAL 14 25 was used to transform 
tobacco as described and tobacco plants were produced that 
carried PAL 1425. These lines represented the Al lines. 

25 Tobacco plants that contained both PAL 1426 and PAL 1425 
were Mlfed and homozygous Al and A2 lines were selected. 

Example 43 

In this example, PAL 1426 { ssa Example 39) and PAL 1425 
were used to transform Brassica napus. Plants lines 
30 homozygous for the Al and A2 genes were selected as in 
Example 42. 
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1- A rocoabinant D;iA coiccule for use in the preparation of a 
male-eterile plant or a plant carrying a male-sterile trait and 
reproductive material of caid plants, comprising 

one or J-ore dxa sequences which ma y j>e_the same or 
d iff erent, which encode a gene product which whea 
produced" in a coll of a plant which Is essential^to. 
pollen formation and/or function is directly or 
indirectly capable of substantially interfering with 
the function and/cr development of said cell; and 
(b) on e o r more prosotcrs^ which may be the same or 
differant, said prc-.otors being capable of regulating 
the exprocoion of eaid d::a sequences; and 
wherein the DllA sequences and promoters are celected such that 
the gone product aolectivoiy interferon with tho function and/or 
dovolopront of a coll of a plant that is csoontial to pollen 
fornation and/or function and whoroby a plant regenerated from 
a cell of a plant having said recombinant DNA molecule integrated 
into its genome is substantially male-sterile or carries the male 
sterile trait. 

2. A recombinant DNA moleculo a3 claimed in claim 1, comprising 
at least ono DMA ccquenco which encodes a gene product which 
when produced in a coll of a plant which is essential to pollen 
formation and/or function is substantially cytotoxic to said 
cell. 

3. A recombinant D:iA molecule as claimed in claim 2, comprising 
at least ono uxh scquonco vhich ia an anti-cense gone which 
encodes an RIJA which substantially interferes with the expression 
of a sense gene which is essential to pollen formation and /or 
function of a plant. 

4. A recombinant D2CA colocule as claimod in claim 3, wherein 
the anti-eensa gono encodes an RSA which substantially Interferes 
with the expression of a gono from Braoolca napus sap olelfera 
w Wootar which is only expressed in cells of a plant which are 
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©ssontial to pollen forrMtion and/or function and whoso 
expression ia essential to pollen formation and/or function. 

5. A recombinant DNA colcculo as claimed in claim 4, wherein 
the antisense gene encodes an r:u which substantially interferes 
with the expression of a gsna which comprises the coding region 
of any one of the pollen specific genes shown in Figures 2a, 2b, 
2c or 2d. 

6. A recombinant DMA molecule as claimed in claim 2, comprising 
at least one DNA sequence which is an anti-sense gene which 
encodes an UNA which substantially interferes with the expression 
of a sense gene which is essential to the continued development 
and/or function of all metabolically competent cells of a plant. 

7. A recombinant DNA molecule as claimed in claim 6, wherein 
the anti-sense geno encodes an RNA which substantially interferes 
with the expression of a gene which encodes act in, tublin or 
ubiquitin. 

8. A recombinant DNA molecule as claimed in claim 2, comprising 
at least one DNA cequonco which ia an anti-cense geno which 
encodes an RNA which substantially interferes with the expression 
of a sense gene which confers on colls of a plant resistance to 
a chemical agent or physiological stress, 

9. A recombinant DMA nolecul© as claimad in claim 12, wherein 
the antt-sonso gono oncodos an R::A which substantially interferes 
with the expression of a gene encoding hygromycin 
phosphotransferase, neomycin phosphotransferase or superoxide 
rtismutase. 

10. A recombinant DNA molecule as claimed in claim 1, comprising 
at least one DNA cequonce which encodes a gone product which 
renders a cell of a plant which ia essential to pollen formation 
and/or function susceptible to a chemical agent or physiological 
stress • 
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XI. A recombinant d:l\ molecule cz claimed in claim 2, comprising 
at leant ona DIIA acruer.co ^Ica encodeo a protein or polypeptide 
which when produced in a coll of a plant which is essential to 
pollen foraation and/or function is substantially cytotoxic to 
said cell* 

12. A recombinant DZCA molecule ao claimed in claim 12 , wherein 
the DNA soquonco encodes ricin, abrin, diptheria toxin, 
ribonucloase, DXase, ribozymes, lipase, protease, polylysine, 
polyproline. 

13. A recombinant Dllh molecule ao claimed in claim 13, 
comprising a DNA sequence which encodoo a gene product which when 
produced in a coll of a plant which ic ascontial to pollen 
formation and/or function renders a non-toxic substance cytotoxic 
to said cell. 

14. A recombinant d:«\ polccule ac claimed in claim 13, wherein 
the DNA sequence encodo3 mothoxinino dehydrogenase, and the non- 
toxic" s^iibTtance is 2-axaino-4-mothoxy-butanoic acid. 

15. A recombinant d;:a molecule aa claimed in claim 13, wherein 
the DNA sequence encodes rhisobitoxine synthase and the non-toxic 
substance is 2 -amino- 4 -mat ho xy butanoic acid. 

16. A recombinant d:!A molecule claimed in claim 13, wherein 
tho d;!A scquonco encodas p- glucuronidase and the non- toxic 
cubctanco io a non-tonic analog of glucuronic acid, preferably 
glucuronic acid conjugated to chloramphenicol or glyphosate 
(N-[phoapho»othyl] glycino) . 

17. A recombinant D3A molecule ao claimed in claim 13, wherein 
the DNA ccquenco encodes indole acctoaid o hydrolase and the non- 
toxic substance is na phthalene ac otaaide • 

18. A recombinant D23A molecule as claimed in claim 13, wnerein 
the DNA eccjuenc e encode s indo le acctam ide hydrolase and the non- 
toxic substance is indole acetamide. 
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19. A recombinant DZJA molecule as claimed in claim 1 which 
comprises at le ast two DIZA cccuonccs a nd wherein tho expression 
of the DNA sequences is regulated by an identical promoter* 

20. A recombinant D:iA no I ecu I g as claimed in claim 1 which 
comprises at least tuo D*«A sequences and wherein each of the DNA 
sequences is regulated by a different promoter* 

21. A recombinant DZZA xolcculo as claimed in claim 3, 4 or 13, 
wherein the promoter or promoters are selected from the group 
of promoters consisting cf a constitutive promoter, an inducible 
promoter which is active throughout polion formation or during 
transcription of one or mora oZ tho DNA soquencesj and, a pollen 
specific promoter which regulates the expression of one or more 
of the DNA sequences selectively in cells of a plant which are 
essential to polion formation and/or function. 

22. A recombinant DMA molecule as claimed in any one of claims 
6, 3, 10, 11 and 13, wherein tho promo tor is a pollen specific 
promoter which regulates tho expression of the DNA sequence 
selectively in cello of a plant which are essential to pollen 
formation and/or function. 

23. A recombinant DNA molecule as claimed in any one of claims 
6, 8, 10 and 13 therein tho promoter is a promoter sequence 
and/or portions thereof of one or noro of gonos f rota Bragoica 
nrnur arsp* oloi^orn tr TT^t^x trhich gono is only expressed In 
pollen and whoso expression is essential to pollen formation 
and/or function. 

24* A recombinant DNA molecule ac claimed in any one of claims 
6, 8, 10 and 13, whorein the promoter io a polle n specific 
promoter which io one or ©pro of ,_tho promoter^ regions or 
portions thereof of the gonos shown in Figures 2a, 2b, 2c or 2d. 

25. A recombinant D2IA molecule as claimod in claim 3 wherein the 
promoter is an inducible promoter, preferably the inducible 70 
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KO heat shock prosotor of D.melanogaater or an alcohol 
dehydrogenase promoter. 

26 . A roconbinant DZIA xoleculo as claiaod in claim 3, which 
further compriaas ono or more solcction marker genes which may 
be the same or different and vhich encode a selection gene 
product which pormita tho selection of a plant having aaid 
recombinant DXA mo 1 ecu I o integrated in its genomo, and one or 
more selection gene promoters vhich may bo tho same or different 
and which regulate the expression of said selection marker genes. 

27. A recombinant DNA xr.olecuie as claimed in claim 6, which 
further comprises ono or moro selection marker genes which may 
be the same or different and vhich encode a selection gene 
product which permits tho solcction of a plant having said 
recombinant DN'A molecule integrated in its genome, and one or 
more selection gone promoters which may bo the same or different 
and which regulate the expression of said selection marker genes. 

28. A racombinant DHA molecule a3 claimed in claim 11/ which 
further comprises ono or mora selection marker genes which may 
be the same or different and which encode a selection gene 
product which permits tho solcction of a plant having said 
recombinant DHA molecule integrated in its genome, and one or 
more selection gano promoters which may be the same or different 
and which regulate tho exproosion of said selection marker genes. 

29. A recombinant D:iA molecule as clainsd in claim 13, which 
furthor comprises ono or coro solcction marker genes which may 
be the eaz:o or dif forcnt and vhich encode a selection gene 
product which permits tho selection of a plant having said 
recombinant D21A moloculo integrated in its genome, and one or 
more soloction gone pror.otorc vhich may be the same or different 
and which regulate the expression of said selection marker genes. 

30. A recombinant D:iA coloculo as claimed in claim 18, vhich 
further cocpricos ono or core selection marker genes which may 
be the same or different and which encode a selection gene 
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product which porcita tho cclcction of a plant having said 
recombinant D21A colccuio integrated in its genome, and one or 
more selection gono prc-.otcrc which may bo tho same or different 
and which regulate tho o^rossion of caid selection marker genes. 

31. A recombinant D^A r.ciecule as claimed in any one of claims 
26, 27, 28 and 29, wherein the selection marker genes encode a 
selection gene product which confers on the cells of a plant 
rosistanco to a chemical agent or physiological stress, 
preferably resistance to a herbicide* 

32. A cell of a plant having a recombinant DNA molecule as 
claimed in claim 25 integrated into its genome. 

33. A cell of a plant having a recombinant DNA molecule as 
claimed in claim 27 intogratcd into its genome. 

34. A cell of a plant having a recombinant DNA molecule as 
claimed in claim 28 integrated into its genome. 

35. A cell of a plant having a recombinant DNA molecule as 
claimed in claim 29 integrated into its genome. 

36. A cell of a plant having a recombinant DtSA molecule as 
c ^*4^?°.4^_ in c laim 30 arid a qg cond_ rocoabinant_DNA molecule 
containing a second D:iA ecquenco which encodes IamS and a second' 
promoter which regulates tho exproosion of the second DNA 
sequence. 

37. A plasmid vector adapted to transform a cell of a plant 
comprising a recombinant DNA molecule as claimed in any one of 
claims 26 to 30. 

38. Placmid Pal 0420, Pal 1105, PAL 1107, PAL 1419, PAL 1420, PAL 
1421, PAL 1422, PAL 1423, PAL 1S20, PAL 0101, HP101, PAL 1954, 
PAL 1955, PAL 1302, PAL 303, PAL 306, PA1 1121, PAL 1901, PAL 
1424, PAL 1425 or PAL 1426. 
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39. A plant coll culture containing a cell of a plant as claimed 
in any one of claiaa 32 to 36. 

40. A plant which is su^atcnticlly ir.alo storile or carries 

a male sterile trait which ia regenerated from a cell as claimed 
in any one of claims 32 to 36. 

41. A seed of a plant which is substantially male sterile or 
carrieo a male cterile trcit which is regenerated from a cell as 
claimed in any one of claims 32 to 35. 
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4 la. a method of producing a mle sterile plant or a plant 
carrying a male sterila trait, from a plant selected from 
those species of pollen producing plants which are capable 
of being genetically transformed, which method comprises the 
steps of s 

i) introducing into the genome of one or more plant cells 
of the said plant one or more recombinant DNA molecules 
as claimed in any one of claims 25 to 29; 

ii) selecting a plant cell into which the recombinant DNA 
molecule is stably integrated; and 

iii) regenerating from the selected plant cell, a plant 
which is male sterile or carries the male sterile 
trait. 

42. A method of producing hybrid seed from a plant selected from 
those species of pollen producing plants which are capable 
of being genetically transformed, which method comprises the 
steps oft 

i) inserting into the genoco of one or more plant cells 
of said plant one or moro recombinant DNA molecules as 
claimed in claim 3, 10 or 13; 

ii) selecting a plant cell into which the recombinant DNA 
molecule ia stably intogratod; 

iii) regenerating from the solectod plant cell a plant which 
carries tho male sterile trait; 

iv) exposing said plant to a sterility actuating agent 
which renders said plant male sterile; 

v) crossing said male sterile plant with a suitable male 
fertile plant. 

43* A method of producing hybrid ocod from a plant selected from 
those species of pollen producing plants which are capable 
of being genetically transformed, which method comprises the 
steps oft 

i) inserting into the genome of one or more plant cells 
of said one or more recombinant DNA molecules as 
claimed in any one of claims 25 to 29; 
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ii) Delecting a plcnt cell into which the recombinant DNA 
ir.oloculo i3 stably integrator; 

iii) regenerating from the selected plant cell a plant which 
is malo storile; 

iv) crossing tho male sterile plant with a suitable male 
fertile plant. 

A method of producing hybrid aeed from a plant selected from 
those specios of pollen producing plants which are capable 
of being genetically transformed, which method comprises the 
steps of: 

i) inserting into the genome of one or more plant cells 
of scid plant ona or more recombinant DNA molecules as 
claimed in any one of claims 25 to 29; 

ii) selecting a plant cell into which the recombinant DNA 
molecule is stably integrated; 

iii) rogenorating from the selected plant cell a plant which 
is malo aterilo; 

iv) incroasing tho number of male sterile plants to produce 
a male sterile line; 

v) crossing said male sterile line with a suitable male 
fertile line. 

A method of producing restored hybrid seed from a plant 
selected from thoco spociea of pollen producing plants which 
are capable of boing genetically transformed, which method 
comprises the steps oft 

i) inserting into the genome of one or more plant cells 
of said plant one or more recombinant DNA molecules as 
claimed in claim 8, 10 or 13; 

ii) selecting a plant cell into which the recombinant DNA 
molecule is stably integrated; 

iii) regenerating from the selected plant cell a plant which 
is malo sterile; 

iv) crossing the male storile plant with a plant which is 
capablo of restoring fertility in plants grown frost 
seed of the cross. 
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A methq<LJ?X~pxa<*ucin5^6ccd of ojnale otorilo plant line, for 
use^in a hybrid cross which yields substantially 100% male 
fertile hybrid seed, which r.othod comprises tho steps oft 

a) growing plants of a first line in proximity to plants 
of a second lino to permit cross-pollination, plants 
of said first line having a genome comprising a first 
and second chromoooincT belonging to a first chromosome 
pair at*" least one of which stably incorporates a first" 
rocorabinant DIIA molecule, said first recombinant ON A 
molecule encoding a first gene product which is or is 
capable of producing a atorility actuating agent, jiaid 
plants of 3aid second lino having a genome comprising 
a t h~irar~ a nd ~^aurr ^"c ^"rorru u ome be l ro n g ing ^ to 'a^second 
c hromosomo pair, said s ocbnd chfomos bmo' pa i r be irig t fie 
same as caid first chromosome pair, at least one of 
said third and fourth chromosomes each incorporating 
a second recombinant DXA molecule, said second 
recombinant DIJA molecule comprising a promoter and 
DMA sequence oncoding a gone product which is capable 
of substantially interfering with the function and/or^ 
development of colls of plants of said second lino^ 
which are essential to pollen formation and/or function 
when~said sterility actuating agent is ap plied _to 
pTante of said second lino j>r produced^JLn said cells, 
aaicT" prombtor preferably being a pollen specific 
promoter, plants of said first and second line 
othorwice ioogonic; 

b) applying oaid storility actuator to said p lant of said 
second lino to~intcrf ore with the development andi/or 
function of oaid colls whereby plants of. said second^ 
line aro rendorod male sterile; 

c) p ermitting cross pollination; 

d ) harves t ing seed of plants ^ ?f__sjti^-J3£g nd line , a 
portion of the harvested seed having a genome 
containing ono of said first and second chromosomes and 
one of said third and fourth chromosomes , said first, 
second, third and fourth chromosomes segregating when 



a plant grown from said portion of the harvested seed 
is crossed with a suitable male fertile plant. 

A method of producing seed of a male sterile plant line, for 
use in a hybrid cross which yields substantially 100% male 
fertile hybrid seed, which method comprises the steps oft 
a) growing plants of a first line in proximity to plants 
of a second line to porr.it croffs-poilination, plants 
of said first line having a genome comprising a first 
and second chromo3or.e belonging to a first chromosome 
pair each of which stably incorporates a first 
recombinant DNA molecule, uaid first recombinant DNA 
molecule encoding a first gene product which is or is 
capable of producing a sterility actuating agent, said 
plants of said second line having a genome comprising 
a third and fourth chromosome belonging to a second 
chromosome pair, said second chromosome pair being the 
same as said first chromosome pair, said third and 
fourth chromosomes each incorporating a second 
recombinant DNA molecule, said second recombinant DNA 
molecule comprising a promoter and a DNA sequence 
encoding a gone product which is capable of 
substantially interfering with the function and/or 
development of cells of plants of said second line 
which aro essential to pollen formation and/or function 
when said sterility actuating agent is applied to 
plants of said second lino or produced in said cells, 
said proaotor preferably being a pollen specific 
promoter, plants of said first and second line 
otherwise isogenic; 

b) applying said starility actuator to said plant of said 
second line to intorfere with the development and/or 
function of said cells whereby plants of said second 
line aro rondorod male storile; 

c) permitting crocs pollination; 

d) harvesting cood of plants of said second line, each 
harvested sood having a genoee containing one of said 
first and second chromosomes and one of said third and 
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A not hod of producing hybrid coed froa plants selected from 
thooo spocios of pollon producing plants which ar« capable 
of being genetically transformed comprising the stops of 1 

(a) producing a gonatically trana formed plant byi 

(i) incorting into tho genome of a plant coll of said 
pollen producing plant which is capable of being 
regenerated into a differentiated whole plant, 
one or more recombinant DNA sequences comprising 
antisonae D2 T Ji which block the production of 
functional pollen grains or render developing 
pollen grains susceptible to a chemical agent or 
physiological stross which blocks the production 
of functional pollen grains; 

(ii) obtaining a transformed plant cell of said plant; 
and 

(iii) rogenorating from said plant cell a plant which 
io gonotically transformed with said DNA 
sequences described in (a)(1) above and which is 
male sterile or carries the male sterile trait; 
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(b) increasing the number of genetically transformed plants 
by i 

(i) fertilizing the gonetically transformed plant 
described in step (a) with pollen produced by a 
suitable male fertile plant, in a manner to effect 
a seed increase of genetically transformed plants; 

or 

(ii) clonal propogation of said genetically transformed 
plant described in step (a) using tissue explants 
thereof, or other in vitro propagation techniques; 
or 

(iii) when applicable, selfing the genetically 
transformed plant carrying the male sterile trait 
described in (a) , and selecting a plant homozygous 
for the male sterile trait and increasing said 
plant by selfing in isolation; or 
(iv) when applicable, ccnducting anther or isolated 
microspore culture of the genetically transformed 
plant carrying the male sterile trait described 
in (a) and selecting a plant homozygous for the 
male sterile trait and increasing said plant by 
selfing in isolation. 

(c) effecting a hybrid cross by pollinating said 
genetically transformed plants with pollen from 
suitable Bale fertile plant donors. 

53. The method of Claim 1 wherein stop (a) is accomplished byi 
(a)(i) idontifying and isolating, preferably from said 
pollen producing plant, a sense gene or coding 
soquonce that is critic\l to pollen formation or 
function in said plant; 
(ii) incorting into tho genome of a plant cell of said 
plant that ia capable of regeneration into a 
differentiated whole plant, a gene which confer* 
on said plant resistance to a chemical agent or 
physiological stress and, linked to said gene, a 
gone comprising* 
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(A) a LNA cequonce that codes for RNA that is 
c ozr.pl ir.sntary , in whole or in part, to the 
RliA sequence encoded by said sense gene or 
coding sequence; 

(B) a promotor which functions in said plant cell 
to cauco transcription of said DNA sequence 
into RNA at about the 

time of transcription of the RKA encoded by 
said sense gene or coding sequence; and 

preferably; 

(C) a terminator sequence which defines a 
termination signal during transcription of 
said of said DNA sequence; 

{ iii ) obtaining a transformed plant cell of the said 
plant; and 

(iv) regenerating from said transformed plant cell a 
plant which is genetically transformed with the 
gene a doacribod ir. step (a) ii) above and which 
is male sterile; and 
and wherein stop (b) is accomplished byt 

(b) i) crossing the genetically transformed plant 

described in step (a) iv) above with suitable male 
fertile plant; 
li) using the same chemical agent or physiological 
stress to eliminate plants which do not contain 
tho genes described in step (a) ii) above among 
plants grown from ceed produced by such cross; and 
iii) repeating such a cross over several generations 
with the plants obtained as in step (b) 11) above 
in the presence of said chemical agent or 
physiological stress to Increase the numbers of 
male sterile plants; 
and whoreln step (c) Is accomplished byt 

(c) effecting a hybrid cross by pollinating said male 
sterile plants with pollen from suitable male fertile 
donors . 
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The method of claim 1, wharein step (a) is accomplished byi 
(a)(i) identifying and isolating, preferably from said 
pollon producing plant, a sense gene or coding 
sequence that is critical to pollen formation or 
function in said plant; 
(ii) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into 
differentiated wholo plant, a recombinant double 
stranded DNA molecule comprising! 

(A) a DMA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by 
said sense gene or coding sequence) 

(B) an inducible promoter which can function in 
said plant cell to cause transcription of 
said DMA sequence into RNA during the time 
of transcription of said sense gene or coding 
sequence; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 
said DMA sequence 

(iii) obtaining a transformed plant cell of said plant; 
and 

(iv) regenerating from said transformed plant cell a 
plant which ia genetically transformed with said 
double stranded DKA molecule described in (ii) 
abovo and can be rendered male sterile by said 
inducer; 

and wherein step b) is accomplished byi 

(b) increasing tho number of genetically transformed plants 
by growing tho genetically transformed plant described 
in step (a)(iv) above in the absence of the relevant 
inducer to produce a male-fertile plant, permitting 
self-fertilization and growing seed of such a plant, 
over a number of generations, in the absence of the 



Inducer to increase the number of genetically 
transformed plants; 

and wherein step c) is accomplished byi 

(c) effecting a hybrid cross by growing said genetically 
transformed plants alongside plants of a suitable line 
of male fertile donors in the presence of the relevant 
inducer during pollen format!', u in order to produce 
male sterile plants and permit cross-pollination of 
said male sterile plants. 

The method of claim 1, wherein step a) is accomplished byi 
(a)(i) inserting concomitantly or independently 
into the rcnoxr.e of a plant cell of said 
pollen producing plant which is capable of 
being regenerated into a differentiated 
whole plant, a sense gene which confers on 
said plant resistance to a chemical agent or 
a naturally occurring or artificially 
induced physiological stress and a 
recombinant double stranded DNA molecule 
comprising t 

(A) a DEA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by 
said Gcnso eerie; 

(B) a pollon specific promoter which functions 
in caid plant coll to cause transcription of 
said DJJA oec^ionco into RNA; and preferably 

(C) a torxinator c 3 que nee wheh defines a 
termination signal during transcription of 
said DMA soquonco; 

(il) obtaining a plant coll of a plant which has been 
trano forced with tho genes described in step (i) 
above; 

(ill) regenerating from said transformed plant cell a 
plant which is genetically transformed with the 
genes describod in step ( i) above and can be 
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rondcred siaIo storile by said chemical agent or 
szrczz ; 

and whereir. step b) ia accomplished byi 

(b) i) growing tho conetically transformed 

plant described ia step (a)(iii) above 
in isolation from tha same stress or 
chemical agent to produce a self- 
fertile plant; 

ii) permitting self -fertilization; and 

iii) growing seed of such self -fertile plant, over a 
nunbor of gancrations in isolation from the sane 
stress or chemical agont to increase the number 
of genetically transformed plants; 

and wherein step c) is accomplished byx 

(c) effecting a hybrid crossing growing said genetically 
transformed plants alongside plants of a suitable line 
of male fertilo donors in the presence of the same 
strocs or chemical agent during pollen formation to 
produce male otorilo plants and to permit pollination 
of said male sterile plants. 

56. A method of producing a male sterile plant from a plant 
selected fron thoco species of pollen producing plants 
which are capable of baing gsnetically transformed, which 
method comprises the steps oft 

(a) identifying and isolating, preferably from said plant, 
a sonse geno or coding sequence, that is critical to 
pollen formation or function in said plant; 

(b) insorting into the gonora of a plant cell of said 
plant that Is capable of regeneration into a differentiated 
whole plant, a recombinant double stranded DNA molecule 
comprising i 
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(i) a D::A ccqucncs that codes for RNA that is 
conplir.ontary to the RNA sequence encoded by said 
sence gene or ceding sequence ; 

(ii) a prcmotor which functions in said plant cell to 
causa transcription of said DNA sequence into RNA 
at about the time of transcription of said sense 
gene or coding sequence; and preferably 

(iii) a terminator sequence which defines a termination 
signal during transcription of said ONA sequence. 

(c) obtaining a transformed plant cell in said plant; and 

(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male sterile. 

57. The method of claim 5 wherein said sense gene is expressed 

only in pollen. 

58. The method of claim 2, 5 or 6 wherein said sense gene 
comprises the sequence of nucleotides, 600-24 30/ shown in 
figure 2a. 

59 . The method any one of claims 2 , 4 , 5 or 6 wherein said 
promo tor is the promo tor of the sense gene. 

60 . The method of claim 5 or 6 wherein said promotor is an 
inducible promotor that can be induced by the application 
of a known chemical or a temperature stress. 

Gl. A method of producing a malo sterile plant from a plant 
selected from those species of pollen bearing plants that 
are capable of boing genetically transformed which method 
comprises the steps oft 

(a) identifying and isolating preferably from said pollen 
producing plant, a senoe gene or coding sequence that 
is critical to cellular function or development and 
expressed in metabolic ally competent cell types; 



(b) inserting into tno genome of a plant coll a 
recombinant double stranded DNA molecule comprising i 

i) a d::a sequence that codes for RNA that is 
complimentary to the RNA encoded by said sense 
gone or coding sequence; 

ii) a pollon specific promoter which functions in 
said plant cell to cause transcription of said 
DNA sequence into RNA in a time frame which 
enables said RNA to block the function of the RNA 
encoded by oaid sense gene or coding sequence; 
end p::efarably 

iii) a terminator saquonce which defines a termination 
signal during transcription of said DNA sequence; 

(c) obtaining a plant cell that has been genetically 
transformed with said DNA sequence; 

(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male sterile. 

A method of producing hybrid seed from plants selected from 
those spocioc of pollen producing plants which are capable 
of r^ing genetically transformed comprising the steps oft 

(a) producing a male sterile plant byi 

i) identifying and isolating preferably from said 
pollon producing plant, a sense gene or a coding 
sequence that is critical to cellular function or 
dovolopmont and expressed in metabolically 
competent cell types. 

ii) inserting into tho gonoae of a plant cell of said 
plant that io capable of regeneration into a 
differentiated whole plant, a gene which confers 
said plant on resistance to a chemical agent or 
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ph/ciolcc-iccl stress and, linked to said g*ne, a 
reconbinent d::.\ cequenco comprising! 
it) a D::.\ ocnicnoo that coda* for RNA that is 
cosplir.eritary to the rna sequence encoded 
by said oonse geno or coding sequence; 

(B) a promoter which functions in said plant 
cell to cause transcription of said DNA 
saquence into RNA in a time frame which 
enables said RK\ to block the function of 
the RNA encoded by said sense gene or coding 
eequonce; and preferably; 

(C) a terminator soquonce which defines a 
termination signs x during transcription of 
said DNA 3 c que nee; 

iii) obtaining a transformed plant cell of said plant; 
and 

iv) regenerating fron said transformed plant cell a 
plant which i3 genetically transformed with the 
gonoe described in step (a)(ii) above and which 
is nolo sterilo; and 

increasing th* number of genetically transformed 
plants byt 

i) croscing tho genetically transformed plant 
described in ate? (a) (iv) above with a suitable 
r.alo fortile plant; 

ii) uaing a cheetical agent or physiological stress to 
elioinato planto which do not contain the genes 
described in step (a)(ii) above among plants 
grown from ccod produced by such croso; and 

iii) ropoating such a cross over several generations 
with tho planto obtained as in step (b)(il) above 
in the presence of said chemical agent or 
physiological stress to increase the numbers of 
male sterile plants; 



(c) effecting a hybrid croaa by pollinating said male 
ctorila plants with pollen from a suitable male 
fertile donors. 

63. A method of producing: a male sterile plant from a plant 
selected from those specie? of pollen producing plants 
which Are capable of being genetically transformed, which 
methcd comprises the s:eps oft 

(a) identifying and isolating preferably from said pollen 
producing producing plant a sense gene or coding 
sequence that is critical to pollen formation or 
function in said plant; 

(b) inserting into the caneme of a plant cell of said 
plant that is capable of being regenerated into a 
differentiated whole plant ; a gene which confers on 
said plant resistance to a selective agent and, linked 
to said gone, a gene or coding sequence comprising i 

(i) a DHA aequonce that codes for RNA that is 
complimentary to the RNA sequence encoded by said 
conso gono or coding sequence ; 

(ii) a promoter which functions In said plant cell to 
c^uso transcription of said D21A sequence into RNA 
ct about tho tixso of transcription of said sense 
gono; and preferably 

(Hi) a terminator sequence which defines a termination 
signal during transcription of said DMA sequence. 

(c) obtaining a transformed plant cell in said plant; and 

(d) rogonor&ting from said transformed plant cell a 
genetically transformed plant which is male sterile. 

64 . A method of producing hybrid seed from plants selected from 
those species of pollen producing plants which are capable 
of being genetically transformed comprising the steps oft 
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(a) producing a male sterile plant byi 

(i) identifying ind isolating, pr^lorobly from said 
pollen producing plant a sense ge: or coding 
sequence that ia critical to pollen formation or 
function in said plant; 

(ii) inserting into the genome of a plant cell of sold 
plant vhi-h is capable of being regenerated into 
a differentiated whole plant, a gene which 
confers on said plant resistance to a chemical 
agent or physiological stress and, linked to said 
gane, a gene comprising! 

(A) a DMA sequence that codes for RNA that is 
conpliir.antary tc the RNA sequence encoded by 
said sor.ee gone or coding sequence ; 

(B) a procotor vhic:h functions in said plant 
coll to cause transcription of said DNA 
sequence into RNA at about the time of 
transcription of said sense gene or coding 
sequence; and proforably 

(C) a torzainitor sequence which defines a 
torrain&tion signal during transcription of 
eaid DNA coquenco 

(ill) obtaining a trans forcod plant cell of said plant; 
and 

(iv) regenerating from aaid transformed plant cell a 
plant which ia gonoticaliy transformed with the 
genes described in step (a)(ii) above and is male 
•torile; and 

(b) incroasing the nunber of genetically transformed 
plants byt 

(i) crooning the genetically transformed plant 
doscribed in otop (a)(iv) above with a suitable 
male fertile plant; 
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( i ) a D"A c cqucnce which codes for a cytotoxic 
molecule; 

(li) a pollen specific promoter which function* in 
scid plant call to cause transcription of said 
DNA sequonco; and 
(iii) a teminator sequence which defines a termination 
signal during transcription of such DNA sequence. 

(b) obtaining a transformed plant cell; 

(c) regenerating from said pltnt cell a genetically 
transformed plant which is male sterile; 

(d) increasing the number genetically transformed plants 
by t 

i) crossing the goneticaly transformed plant 
described in step (c) above with a suitable male 
fortile plant; 

ii) using a chcsiical agont or physiological b tress to 
clizvinnto plants which do not contain the genes 
described in step (a) above among plants grown 
from scftd produced by such cross; and 

iii) rebooting ouch a cross over several generations 
with the plants obtained as in otep (d) ii) above 
in the precence of said chemical agent or 
physiological stress to increase the numbers of 
male sterile plants; 

(e) inserting into a plant cell of suitable male fertile 
plant solectcd from tho same species a recombinant 
double stranded DMA molecule comprising! 

(i) a DIIA sequence which codes for RNA that is 
complimontary to the RNA sequence coding for said 
cytotoxic molecule; 
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(ii) using said ciio^icsi agent or physiological stress 
to eliminata plants which do not contain the 
go no 3 described in step ( a ) ( ii ) above among 
plants grown front seed produced by such cross ; 
and 

(iii) repeating cuch a cross over several generations 
with tho plants selected for ao in step (b)(ii) 
above in the presence of said chemical agent or 
physiological stress to increase the numbers of 
male sterile plants; 

(c) effecting a hybrid cross by pollinating said male 
sterile plants with pollen from suitable male fertile 
donors . 

65. The mat hod of ci&ic 11 or 13 wherein said suitable male 
fertile donors used in step (c) aro resistant to said 
chemical agent or physiological stress. 

66. The method of clain 2, 10, 11, 12, 13 or 14 wherein the 
selec tive agent is a herbicide . 

67. The method of any of ono of claims 2, 10, 11, 12, 13, 14 or 
15 wherein the selective agent is glyphosate or 
chlorsulfuron. 

68. A method of producing hybrid seed with restored male 
fertility Mong plant* selected from those species of 
pollen producing plants which are capable of being 
genetically transformed comprising the steps oft 

(a) producing a male sterile plant byi 

(i) identifying and isolating preferably from said 
pollen producing plant, a sense gene or coding 
sequence that i* critical to pollen formation or 
function in said plant; 
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(ii) insorting into tha gsnoina of a plant cell of flaid 
plant that is ccpablo of being regenerated into 
a dif forcntiatod whole plant, a recombinant 
doable stranded D:3A molecule comprising! 

(A) a D::A saquenco that codes for RNA that is 
coaplicantary to the RNA sequence encoded by 
caid rc-MO gona or coding sequence; 

(B) an inducible proaotor which functions in 
caid plant coil to cause transcription of 
said DMA coquonc© into RNA during the time 
of trancription of said sense gene; and 
preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence 

(iii) obtaining a transformed plant cell of said plant; 
and 

(iv) regenerating from said transformed plant cell a 
plant which i3 genetically transformed with said 
double stranded DNA molecule described in (ii) 
above and is capable of being rendered male 
sterile by said inducer; 

increasing the nuir±>or of genetically transformed 
plants byi 

(i) growing the genetically transformed plant 
described in step (a)(iv) above in the absence of 
the relovant inducer to produce a male fertile 
plant ; and 

(ii) permitting eolf-fertiliatiom and 

(iii) growing seed of such a male fertile plant, over 
a number of generations, in the absence of the 
rolcvont inducer to increase the number of 
genotically transformed plants; 



pollinating said genotically transformed plants in the 
presence of the relevant inducer during pollen 
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fornation with poiioa from a suitable lino of male 
fertile donors. 

The methods of claim 12, 13 or 17 wherein said sense gene 
or coding sequence is exproccod only in pollen. 

A method of producing a male cterile plant from a plant 
selected froa those c?ocieo of pollen producing plants 
which are capable of boing genetically transformed, which 
method comprises the stops of i 

(a) inserting into the conoma of a plant cell of said 
plant that is capable o£ being regonerated into a 
differentiated whole plant, a recombinant double 
stranded D:iA molecule compriaingi 

(i) a pollen specific pro=otor; 
(ii) a d::a sequence that codes for a cytotoxic 
ir.oloculo; and 

(iii) a terminator sequence vh.'.^ defines a termination 
signal during transcription of said DNA sequence. 

(b) obtaining a transformed plant cell; and 

(c) roconorating froa said transformed plant cell a 
genetically transformed plant which ie ul« sterile. 

A method to produce hybrid ccod with restored male 
fertility froa plants selected froa thoae species of pollen 
producing planto which are capable of being genetically 
transformed comprising tho steps of i 

(a) insorting into the gonoao of a plant cell of said 
pollen producing plant that io capable of being 
rogoneratod into a differentiated whole plant, a gene 
which confors on oaid plant resistance to a chomical 
agent or physiological otross and linked to said gene 
a recombinant double stranded DNA molecule comprising t 
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(ii) a promoter vfcich causes tranacription of the DNA 
coquenco do fined in step (d)(i) above at about 
the tine of transcription of the DNA sequence 
dofincd in stop (a)(i); 
(iii) a terminator sequence which defines a termination 
cignal during transcription of the DNA sequence 
doscribed in step (e)(i) above; 

(f) obtaining a transformed plant cell from step (d); 

(g) regenerating from said transformed plant cell 
described in step (d) above a genetically transformed 
male fertile plant. 

(h) producing a restorer line by permitting said 
genetically transformed male fertile plant to self 
fertilize and growing seed of such plant/ over a 
number of goncrationa to increase the mumbers of 
genetically transformed male fertile plants; 

(i) effecting a hybrid cross by pollinating said male 
sterile plants with pollen from said genetically 
trans forced male fertile plants. 

72. The method of claims 20 or 24 wherein said pollen specific 
promoter consists of o DMA sequence which comprises the 
sequence of nuclootidoc, 1-595, in figure 2a or a 
functional fragaont thoreof. 

73. A mothod of producing a plant which carries the male 
sterile trait from c plant selected from those species of 
pollon producing plants which are capable of being 
genetically transformed, which method comprises the steps 

of i 

(a) transforming a plant coll of said plant which is 
capoblo of boing regonorated into a differentiated 
whole plant, with a eonue gene which confers on said 
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plant rosistanco to achcmical agent or naturally 
occurring or artificially induced physiological 
stress ; 

(b) regenerating from aaid transformed plant cell a 
genetically transformed plant which is resistant to 
the same a trees; 

(c) inserting into the genome of a plant cell of said 
stress resistant plant which is capable of being 
rogenoratod into a differentiated whole plant a 
recombinant double stranded DNA molecule comprising i 

(i) a DMA sequence that codes for UNA that is 
complimentary to the RNA sequence encoded by the 
sale ae.vre gone; 

(ii) a pollen specific promotor which functions in 
said plant cell to cause transcription of said 
DNA cequonce into RXA; and preferably 

(ill) a terminator sequonco which defines a termination 
signal during transcription of said DNA sequence. 

(d) obtaining a transformed plant cell; and 

(e) rogonerating from said transformed plant cell a plant 
which has been gonotically transformed with the genes 
doscribad in etc? (a) and step (c) above and which can 
bo rondorod malo sterile by said chemical agent or 
stress. 

A method of producing hybrid seed with restored male 
fertility froa plants colectod from those species of pollen 
producing plants which axe capable of being genetically 
transformed comprising the steps ofi 

(a) producing a plant which carries a male sterile trait 
by i 
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i) inserting concomitantly or independently into the 
gonor.o of a plan, cell of caid pollen producing 
plcnt rhich is capable of boing regenerated into 
a CLZ £orontictcd whole plant, a sense gene which 
confers on scid plant resistance to a chemical 
agent or a naturally occurring or artificially 
inducod physiological stress and a recombinant 
doublo ctrandod d::a molecule comprising i 

(A) a DliA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by 
said sense gene; 

(B) a pollen opecific promoter which functions 
in said plant cell to cause transcription of 
oaid soquonce into RNA; and preferably 

(C) a terminator sequence wheh defines a 
termination cignal during transcription of 
said D:iA coquonce; 

ii) obtaining a plant cell of a plant which has been 
transformed with the genes described in step (i) 
above; 

ill) regenerating from said transformed plant cell a 
plant which is gonaticaJly transformed with the 
go no 3 described in step (i) above and can be 
rondorod male sterile by said chemical agent or 
stress; 

increasing the number of genetically transformed 
plants t 

i) growing tho genetically transformed plant 
described in step (a) (ill) above in Isolation 
from tho car.© stress or chemical agent to produce 
a oolf-fortilo plant; 

ii) permitting self -fertilisation; and 

ill) growing seed of such self -fertile plant, over a 
number of generations in isolation from the same 
stross or chemical agent to Increase the number 
of genetically transformed plants; 
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(c) effecting a hybrid crossing growing said genetically 
transformed plants alongside plants of a suitable line 
of male fertile donors in the presence of the same 
stress or chemical agont during pollen formation to 
produce male sterile plant and to permit pollination 
of the male sterile plants. 

The method of claims 4, 22, or 23 herein said pollen 
specific promotor consists of DNA sequence which comprises 
the sequence of nucleotides, 1-595 in figure 2a, or a 
functional fragment thereof. 

The method of any one of claims 4, 22, 23 or 24 wherein 
said physiological stress is a herbicide. 

The method of claim 4, 22 or 23 wherein said physiological 
stress is hygromycin and wherein said sense gene comprises! 

(i) a pollen specific promotor; 

(ii) a DI1A sequence which codes for the production of 
hygroaycin phoophotrancf erase; and 

(iii) a termination sequence which define a termination 
signal during transcription of said DMA sequence. 

A method of producing hybrid seed from plants selected from 
those species of pollon producing plants which are capable 
of being genetically transformed comprising the steps oft 

(a) producing a male sterile plant byt 

(1) identifying and isolating, preferably from said 
pollen producing plant, a sense gene or coding 
sequence that is critical to pollen formation or 
function in caid plant; 
(ii) inserting into the genome of a plant cell of said 
plant that is capable cf being regenerated into 
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a dif forontiated whole plant a recombinant double 
otrandod DXK molecule comprising* 

(A) a D::A sequence that codes for RNA that is 
co-plir.ontary to the RNA sequence encoded by 
the oaid sense gene or coding sequence; 

(B) a promotor which functions in said plant 
cell to cause transcription of said DNA 
sequonce into RNA at about the time of 
transcription of said sense gene or coding 
sequence; and preferably 

(C) a tarminator sequence which defines a 
termination signal during transcription of 
said DNA sequence 

(iii) obtaining a transformed plant cell of said plant 
and 

(iv) regenerating from said transformed plant cell a 
genetically transformed plant which is male 
sterile; 

(b) producing a male sterile line by clonal propagation of 
said genetically transformed plant using cells derived 
from tissue explants of said genetically transformed 
plant; 

(c) growing plants of the male sterile line alongside 
plants of a suitable line of male fertile donors to 
permit pollination of the male sterile plant. 

79. The method of any of one of claims 1 to 27, wherein the 
selected pollon producing plant is a plant of the species 
Brassies napus or Brassies campestris . 

80. Tho method of any one of claims 1 to 27 wherein the 
selected pollen producing plant is of the genus Brabsica. 

81. The method of any one of claims 1 to 27 wherein the 
selocted pollen producing plant is of the family 

Cruciforao. 
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The method of any one of claims 1 to 2 7 wherein the 
selected pollon producing plant is of the family S olanacae 

A pollen specific promotor which consist of a ONA sequence 
comprising the sequence of nucleotides 1-595 in figure 2a 
or a functional fragment thereof. 

A plant which has been transformed with a recombinant ONA 
molecule which comprises t 

(a) a DIJA sequence that codes for RNA that is 
complimentary to xnRJIA encoded by a gene or ccjing 
sequence that is eosential to cellular function or 
development in metabolically competent coll types; 

(b) a pollen specific promoter which functions xn said 
plant to cause transcription of said DMA sequence into 
RNA in a time frame which enables said RKA to block 
the function of the RXA encoded by said gene or coding 
sequence; and preferably 

(c) a terminator ooquonco which defines a termination 
signal during transcription ofs said DMA sequence. 

A plant which hac boon transformed with a double stranded 
DMA molecule comprising t 

(a) a DiJA soquence that codes for RKA that is 
complimentary to the RKA sequence encoded by a sense 
gene which is critical to pollen formation or function 
in said plant; 

(b) a promo tor which functions in said plant to cause 
transcription of said DKA sequence into RKA at about 
the time of transcription of said sense gene; and 



(c) a terainctor sequence which defines a termination 
signal during transcription of said DNA sequence. 

A plant which has been transformed with a double stranded 
DNA molecule comprising t 

(a) a DNA sequence that codes for RKA that is 
complimentary to the RNA sequence encoded by a sense 
gene which is critical to pollen formation or function 
in said plant; 

(b) an inducible promotor which functions in said plant to 
cause transcription of said DNA sequence into ?.NA 
during the time of transcription of said sense gen«; 
and 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

A plant which has bo an transformed with a double stranded 
DNA molecule comprising! 

(a) a DNA sequence which codes for RNA that is 
complimentary to an RNA sequence encoded by a gene 
coding for a cytotoxic molecule; 

(b) a pollen specific promo tor; and 

(c) a terminator ooquence which defines a termination 
signal during transcription of said DNA sequence. 

A plant which has been transformed withi 

(a) a sense gone which confers on said plant resistance to 
a chemical agent or a naturally occurring or 
artificially induced physiological stress; and 

(b) a recombinant double stranded DNA molecule comprising 1 
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(i) a DliA ocquonce that codes for RNA that is 
cocoliMntary to the RNA sequence encoded by said 
sense gone; 

(ii) a pollen specific promotor which functions in 
3aid plant cell to cause transcription of said 
DNA sequence* into RIIA; and 

(iii) a tormin&tor sequence which defines a termination 
signal during transcription of said DNA sequence. 

89. A plant which has been transformed witht 

(a) a gene which confers on said plant resistance to a 
chemical agent or physiological stress; and, linked to 
said gene 

(b) a gene comprising % 

(i) a DliA sequenco that codes for RNA that is 
complimentary to the RNA sequence encoded by a 
sonao gone which io critical to pollen formation 
or function in said plant; 

(ii) a promotor which functions in said plant cell to 
cause transcription of said DNA sequence into RNA 
at about the time of transcription of said sense 
gene ; and 

(iii) a terminator soquonco which defines a termination 
signal during transcription of said DNA sequence. 

90. A plant as defined in any one claims 34, 35 or 38 wherein 
said DNA sequence codoc for RNA that is complimentary to 
the RNA soquonco encoded by a cenee gene that ie expressed 
exclusively in pollen tissue of said plant. 

91. Hybrid seed containing a double stranded DNA molecule 
comprising! 



(a) a DNA sequence that codes for RNA that is 
conplinontary to the RNA sequence encoded by a sense 
gone which is critical to pollen formation 01 function 
in a plant grown from said seed; 

(b) a promo tor which functions in said plant to cause 
transcription of said DIJA sequence into RNA at about 
the time of transcription of said sense gene; and 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

92. Hybrid sead containing a double stranded DNA molecule 
comprising: 

(a) a DNA sequence that codes for RNA that is 
coaipliir.ontary to tho RNA sequence encoded by a sense 
gene which is critical to pollen formation or function 
in a plant grown from said seed; 

(b) an inducible promotor which functions in said plant to 
cause transcription of said DNA sequence into RNA 
during the time of transcription of said sense gene; 
and 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

93. Hybrid seed containing a recombinant DNA molecule 
comprising t 

(i) A DriA sequence which codos for a cytotoxic molacule; 
(11) a pollen specific promoter which functions in said 

plant coll to cause transcription of said DNA 

sequence; 

(ill) a torminator sequence which defines a termination 
signal during transcription of said DNA sequence; 

and a recombinant DNA molecule comprising s 



(a) a DNA oequanco which codes for RNA that is 
complimentary to an RUA eequence encoded by said gene 
coding for cytotoxic molecule; 

(b) a promoter which causes transcription of said DNA 
sequence into RNA at about the time of transcription 
of said gene coding for the cytotoxic molecule; and 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

94. Hybrid seed containing DNA comprising! 

(a) a sence £©ne which confers on a plant grown from said 
seed resistance to a chemical agent or a naturally 
occurring or artificially induced physiological 
stress; and 

(b) a recombinant double stranded DNA molecule comprising! 

(i) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by said 
sense gone; 

(ii) a pollon specific promotor which functions in 
said plant cell to cause transcription of said 
DNA eoquence into R3A; and 

(iii) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

95. Hybrid seed containing DNA comprising! 

(a) a gone which confers on a plant grown froa said seed 
roaistance to a chemical agent or physiological 
stress; and, linked to said gene 

(b) a gene comprising i 

(i) a DNA sequence that codes for RNA that is 

complimentary to the RNA sequence encoded by a j 

I 
i 

i 
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conco gen© which is critical to pollen formation 
or function in said plant; 
(ii) a promotor which functions in said plant coll to 
cau= a transcription of said DNA sequence into RNA 
at about the time of transcription of said sense 
gene; and 

(iii) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

96. The seed as defined in any one of claims 40, 41 or 44 
wherein said DNA eaquence codes for RNA that is 
complimentary to the RNA sequence encoded a sense gene that 
is expressed exclusively in pollen tissue of said plant. 

97. Hybrid seed containing a recombinant DNA molecule which 
comprises s 

(a) a DNA sequence that codes for RNA that is 
complimentary to mRNA encoded by a gene or coding 
sequence that is essential to cellular function or 
development in all metabolically competent cell types; 

(b) a pollen specific promoter which functions in a plant 
grown from said hybrid oood to cause transcription of 
caid D:iA sequence into RNA in a time frame which 
enabloa said R2CA to block the function of the RNA 
encoded by said gene or coding sequence; and 
preferably 

(c) a terminator ooquonco which defines a termination 
signal during transcription of said DNA sequence. 

98. A plant which has been transformed with a pollen specific 
pronotor comprising the sequonce of nucleotides, 1-595 in 
figure 2a or a functional fragment thereof. 



99. A plant which hao been transformed with a recombinant 
double stranded DNA molecule comprising the sequence of 
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nucleotides, 600-2430, in figure 2a or a functional 
fragment thereof. 

100. A double stranded DNA molecule consisting of the sequence 
of nucleotido3/ 600-2430 in figure 2a ora functional 
fragment thereof. 

101. A cell line produced from the genetically transformed cells 
of any one of claims 1 to 31. 

102. The method of claim 20, wherein said genetically 
transformed male fertile plants used in step (i) are 
resistant to said chemical agent or physiological stress. 

103. A method of producing a male sterile plant or a plant 
carrying the male sterilo trait by integrating into the 
genome of said plant a pollen targeted recombinant DNA 
molecule that selectively blocks the production of 
functional pollen grains or renders developing pollen 
grains susceptible to a chemical agent or physiological 
stress • 

104. A method aa defined in claaja 52, wheroin said pollen 
targetod rocosbincnt d::a molecule comprises anti-eenee DNA 
to a gene that ia critical to pollen function or formation. 

105. A method ua defined in claim 52, wherein said pollen 
targetod rocor^inant DNA molecule comprises a pollen 
targetod promoter and anti-sense DNA to a constitutive gene 
where said anti-oenoe DNA is regulated by said promoter. 

106. The method as dofincd in claim 52, wherein said recombinant 
DNA molecule cosr.prieea a pollen targeted promoter and a 
gene coding for a molecule that is cytotoxic or a molecule 
that renders a non-toxic molecule cytotoxic. 

107. A method as defined in claims 54 or 55, wherein said pollen 
targeted promoter is a pollen specific promoter. 
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108. A method oi producing hybrid eeed by crossing a genetically 
transformed fer.aio parent plant with a suitable male 
fertile male parent plant, said genetically transformed 
female parent plant containing one or more recombinant DNA 
sequences comprising a oence or anti-sense gene, or both, 
which when expressed, blocks the production of tissues 
critical to pollen formation or function or renders said 
tissues ousceptible to a chemical agent or physiological 
stress that blocks function of said tissues, said suitable 
male fertile male parent plant, when required to serve as 
a female rastorer plant, containing a recombinant DNA 
sequence which compensates for the gane function that has 
been compromioed or negates the disruption caused to 
tissues critical to pollen foraation or function in said 
genetically tranoformed female parent plant. 

A method aa defined in claim 57 where said sense gene codes 
for the production of a cytotoxic molecule or a molecule 
which renders a substance cytotoxic. 

A mothod as dofincd in claim 57 whore said a., .i-sense gene 
codes for the production of a molecule which blocks the 
function of a pollen targeted gene. 

1X1. A cothod of producing a male sterile plant from a plant 
selected from thoco spocios of pollen producing plant* that 
are capable of being genetically transformed, which method 
cor.prioeo i 

( a) identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to pollen 
formation or function in caid plant; 

(b) ineorting into the gonoao of a plant cell of said plant 
that is capable of boing regenerated into a differentiated 
whole plant, a recombinant DNA molecule comprising! 

(i) a DMA sequence that codes for RHA that is 
complementary to the RNA sequence encoded by said 
sense gene) 
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(ii) a prcr.ot^r which function* in acid plant to cause 
transcription of said d::a sequence into RNA at or 
about tho timo of transcription of said «ani« gone; 

and preferably 

(iii) a torminator 3oquenco which defines a termination 

signal during transcription of said DNA sequence, 
obtaining a trans formod plant cell of said plant; and 
regenerating from said transformed plant cell a genetically 
transformed plant which is male sterile. 



112. A method of producing hybrid seod from plants selected from 
thoao cpecioe of pollen producing plants which aro capable 
of being genetically transformed comprising the steps oft 

(a) producing a genetically transformed plant which is 
male sterile byi 



i) 



ii) 



identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
pollen formation or function in said plant; 
inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a geno which confers on 
caH plant resistance to a chemical agent or 
physiological strosa and, linked to said gone, a gene 
comprising i 

(A) a DMA sequence that codes for RKA that ie 
complementary to tho RKA sequence encoded by said 

conso geno; 

(B) a promoter which functions in said plant to cause 
transcription of caid DNA sequence into RNA at 
about tho time of tram cription of the RNA 
oncoded by caid sense gono; and preferably 

(C) a torcinator sequence which defines a termination 
signal during transcription of said DNA sequence; 
iii) obtaining a transformed plant cell of the said plant; 

and 
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tv) rogonerntins iron said transformed plant call a plant 
vhich is gonotically transformed with the genes 
described in step (a) ii) above; and 

(b) increasing tho nur^or of genetically transformed plants by: 

i) clonal propagation using tissue explants thereof, or 
other in vitro propagation techniques; or 

ii) A) crossing the gonetically transformed plant 

doocribed in stop (a} iv) above with suitable 
male fertile plant; 
B) using the sane chemical agont or physiological 
stress to eliminate plants which do not contain 
tha goncs describsd in step (a) ii) above among 
plants grown from coed produced by such cross; 
and 

C) ropcating cuch a cross over several generations 

with tho plants obtained as in step (b) ii) above 
in tho prosonco of said chemical agent or 
physiological stress to increase the numbers of 
malo storilo plantc; 

(c) effecting a hybrid cross by pollinating said male sterile 
plants with pollon from suitable male fertile plants. 

113. A method ol producing a malo sterile plant from plants 
selected from those Ci^ucioa of pollen producing plants 
which are capable of boing genetically transformed 
comprising tho stops oZt 

(a) producing a aalo sterile plant by* 

(i) identifying and isolating, preferably from said pollen 
producing plant, a cense gene which corprioos a coding 
coquenco that io critical to pollon formation or 
function and a transcribed but untranslated sequence; 

(ii) inserting into tho gcnosie of a plant cell of said 
plant that is capable of regeneration into a 
dif ferontiatcd whole plant, a gone which confers on 
said plant resistance to a chemical agent or a 
naturally occurring or artificially induced 
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phyeiolocicai zzzczz and linked to this a recombinant 

w::A molcculo co-?ri5ir.wi 

(A) a science 'chit io complementary to said 
trwccriboi but untranslated sequence; 

(B) a promoter vhich function* in eaid plant to Cfluit 
transcription of aaid DNA sequence into RNA at or 
about tho time of tho tranacription of the sense 
gono in dovaloping pollon; and preferably 

(C) a terminator oequence which define* a termination 
signal during transcription of Eaid DNA cequence; 

(iii) obtaining a transform cd plant cell of said plant; and 

(iv) regenerating *ron said plant cell a plant which is 
genetically transformed with aald DNA sequences 
doscribod in (a)(ii) above and is male sterile. 

114. A method of producing hybrid seed with restored male 
fertility from plants selected from those spocieo of pollen 
producing plants which are capable of being genetically 
transformed comprising tho stops ofi 

(a) producing a r.alo ctcrila plant byi 

(i) identifying and isolating, preforably from said pollen 
producing plant, a censo gone vhich comprise* a coding 
cequonco that is critical to pollen formation or 
function and a transcribed but untranslated sequence; 

(ii) inserting into tho genoao of a plant cell of said 
plant that io capable of regeneration into « 
dif *orontiatcd whole- plant, a gone which confers on 
said plant resistance to a chemical agent or a 
naturally occurring or artificially induced 
physiological stress and linked to this a recombinant 
DrJV molecule comprising t 

(A) a D:iA cequonco that io coaplcoentaxy to said 
transcribed but untranslated coquence; 

( D) a proMtor vhich functions in eaid plant to cause 
transcription of sold d::a ccquance into RNA at or 
about tho tino of tho transcription of the sense 
gono in developing pollen; and preferably 



(C) a tarr-ir.ato:: sequence which defines a termination 
signal during transcription cf said DMA sequence; 

(iii) obtaining a transformed plant coll of said plant; and 

(iv) regenerating fron said plant cell a plant which is 
genetically transformed with said DMA sequences 
described in ;a)(ii) above and is male sterile, and 

(b) increasing the number of genetically transformed male 
sterile plants byj 

(i) clonal propagation of caid genetically transformed 
male sterile plant doccribed in step (a) using tissue 
explants thoreof, or other in vitro propagation 
techniques; or 

(ii) crossing said genetically transformed male sterile 
plartt with a suitable male fertile plant; 

(iii) using said chamical agent or physiological stress to 
eliminate plants which do not contain the DNA sequence defined 
in (a)(ii) amongst plants grown from seed produced by such 
cross; and 

(iv) ropoating such cross over several generations with 
plants obtained in ctcp (b)(iii) above in the presence 
of caid chemical agent or phyciological stress to 
increase the numbers of male sterile plants. 

(c) producing a male fertile restorer plant byt 

(i) inserting into tho gonomo of a plant cell of a 
suitable malo parent plant that is capable of 
regeneration into a dif ferontiatod whole plant a gene 
that confers resistance to a chemical agent or a 
naturally occurring or artificially induced 
physiological stress, linked to a recombinant DNA 
sequence comprising i 

(A) a recombinant DMA molecule that comprises a 
modified form of said sense gene that does not 
contain tho regions complementary to said anti- 
cenco gone; 

(B) a promoter that functions in said plant to cause 
transcription of said modified DHA sequence at a 
time which restores the function of the sense 
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gono, profcrabiy at: or about tho time of the 
action of the anti-sense gene; and prof drably 
(C) a tonr.ir.ator sequence which defines a termination 
signal during transcription of said D:iA sequence. 

(d) increasing tho nur^cr of gonetically transformed male 
fertile restorer plants in the fashion described in (b) 
above or preferably by selecting a plant homozygous for 
said restorer trait and increasing said plant by selflng in 
isolation. 

(e) effecting a hybrid cross by pollinating said male sterile 
plants with pollen from said male fertile restorer plants. 

115. The plant coil which has boon transformed with the 
recombinant d:;a r.oiccule defined in claim 10 which is 
capable of boing ragenerated into a plant which carries the 
male sterile trait. 

116. The plant which has boon transformed with a recombinant DNA 
molecule defined in claim 10 which carries the male sterile 
trait. 

117. Hybrid coed with restored male fertility produced by the 
method as defined in claim 61. 

118. A method of producing a plant that carries the male sterile 
trait from plants caloctcd from those species of pollen 
producing plants which ore capable of being genetically 
transformed comprising tho steps oft 

(a) producing a gonotically transformed plant which carries the 
male sterile trait byt 

I) identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
pollen formation or function in said plant; 

II) inserting into tho gonome of a plant cell of said 
plant that is capable of regeneration Into a 
differentiated whole plant, a recombinant DNA molecule 
comprisingi 



o n r> f P / ° 

(A) an ar.ti-ccnro gone that codss for RNA that is 
complementary in whole or in part to the RNA 
sequence encoded by said son3e gane; 

(B) an inducible promoter which can function in said 
plant cell to cause transcription of said DNA 
sequence into £NA at or about the time the time 
of transcription of said sense gene or coding 
sequence; and praferably 

(C) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence 

ixi) obtaining a transformed plant cell of said 
plant; and 

iv) regenerating frcn said transformed plant cell a plant 
which is gonotically transformed with said DNA 
molecule described in (ii) above and can be rendered 
male sterile by said inducer; 

119. A method of producing hybrid seed with restored fertility 
from plants selected from those species of pollen producing 
plants which aro capable of being genetically transformed 
comprising tho ctcpa ofi 

(a) producing a genetically transformed plant which carries the 
male sterilo trait byi 

L) identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
pollen formation or function in said plant; 

ii) insorting into tho genome of a plant cell of said 
plant that io capable of regeneration into a 
dif f orontlated whole plant, a recombinant DNA molecule 
comprising i 

(A) an anti-oonco gone that codes for RNA that is 
compicmontary in whole or in part to the RNA 
sequence oncodod by said oonso gone; 

(B) an inducible prcaotor which can function in said 
plant coll to cause transcription of said DNA 
soquenco into RNA during the ZLmm of 
transcription of said sense gene or coding 
sequence; and preferably 
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(C) a tomirxtor sections 3 which defines a termination 
signal during transcription of said DNA sequence 
iii) obtaining a tranoformed plant cell of said 
plant; and 

iv) regenerating from caid transformed plant cell a plant 
which io genetically transformed with said DNA 
molecule described in (ii) above and can be rendered 
male sterile by said inducer; 

(b) increasing tho nuar.ber of genetically transformed plants byt 

(i) clonal propagation of said genetically transformed 
plant dascribad in etc? (a) using tissue explants 
thereof, or other in vitro propagation techniques; or 

(ii) celfing the genetically transformed plant carrying the 
inducible male sterile trait described in (a), 
selecting a plant homozygous for the inducible male 
otorilo trait and increasing said plant by sclfing in 
icolation over a number of generations in the absence 
of the inducer to increase the number of genetically 
transformed plants; 

(c) effecting a hybrid cross between said gonetically 
transformed plants grown in the presence of said inducer 
and suitable male fertile plants* 

120. A method of producing a male sterile plant from a plant 
selected from those species of pollen bearing plants that 
are capable of boing gonetically transformed which method 
comprisos the steps of i 

(a) identifying and isolating, preferably from said pollen 
producing plant, a sense gone or coding sequence that is 
critical to collular function or development and expressed 
in motabolically competent coll types; 

(b) inserting into tho gonooe of a plant cell a recombinant DHA 
molecule comprising t 

i) a DNA sequence that codes for RNA that is 
complementary to the RNA encoded by said senso gene or 
coding sequence; 

ii) a pollen specific promoter which functions in said 
plant cell to cauce transcription of said DNA sequence 
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into RTIA in a timo frame which enables said RNA to 
block tho function of the RNA oncodod by said sense 
ger.o or coding sequence; and preferably 
iii) a torsi no tor sectioned which defines a termination 
signal during transcription of said DHA sequence. 

(c) obtaining a plant coll that has been genetically 
transformed with eaid d:ja sequence; 

(d) roganerating frosi caid transformed plant cell a genetically 
transformed plant which is male sterile. 

121. A method of producing hybrid seed from plants selected from 
those species of pollon producing plants which are capable 
of being genetically transformed comprising the steps oft 

(a) producing a male sterile plant byi 

i) idontifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
cellular function or development and expressed in 
motabolically competent cell types. 

ii) inserting into tha genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers on 
said plant resistance to a chomical agent or 
physiological stress and linked to said gene, a 
recombinant DXA sequence comprising t 

(A) a D:iA sequence that codes for RNA that is 
complementary to the RNA sequence encoded by 
said zonae gene; 

(B) a pollon targeted promotor which functions in 
cald plant to cause transcription of said DNA 
noquonco into RNA at or about the time of 
transcription of the sense gone in tissues 
critical to pollen function or formation; and 
pre for ably 

(C) a torninatcr sequence which defines a termination 
signal during transcription of said DNA sequence 

iii) obtaining a transformed plant cell of said plant; and 
iv) regonorating from oeid transformed plant cell a plant 
which is genetically transformed with the genes 



described in atap (a)(ii) above and which is *?ale 
ctorile; and 

(b) increasing tho number of gonotically transformed plant a byi 

i) clonal propagation using tiasue explants thereof, or 
other in vitro propagation techniques; or 

ii) A) crossing the genetically transformed plant 

doscribod in step (a) iv) above with suitable 
malo fertile plant; 
B) using the sana chemical agent or physiological 
stress to eliminate plants which do not contain 
tho gonoa described in step (a) ii) Above among 
plants grown from seed produced by such cross; 
ar.c 

C) repeating such a crooa over several generations 

with the plants obtained as in step (b) ii) above 
in tho preoence of said chemical agent or 
physiological atreoe to increase the numbers of 
male storilo plants; 

(c) effecting a hybrid cross between said genetically 
transformed plants and suitable male fertile plants. 

122. A method of producing a plant which carries a male sterile 
trait from a plant ooiectod from those speciee of pollen 
producing plants which oro capable of being genetically 
transformed, which mothod comprises the steps of i 

(a) transforming a plant coll of said plant which is capable of 
being rogenoratcd into a differentiated whole plant with a 
sense geno which confers on said plant resistance to a 
chemical agont or a naturally occurring or artificially 
inducod physiological or chemical stress; 

(b) regonorating from said transformed plant coll a genetically 
transformed plant which is resistant to the same stress; 

(c) insorting into tho gonome of a plant cell of the stress 
resictant plant which is capable of being regenerated into 
a differentiated whole plant a recombinant DNA molecule 
comprising i 
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i) a DNA ae quo nee that codes for RNA that is 
cor.pler.ontary to the RNA sequence encoded by the 
said sense gene; 

il) a pollen specific promoter which functions in 
said plant cell to cause transcription of said 
DMA sequence into RNA; and preferably 

iii) a terminator fiequonc« which defines a termination 
signal during transcription of said DNA sequence. 

(d) obtaining a plant call of said stress resistant plant which 
has been transformed with the gene described in step (c) 
above ; and 

(e) regenerating from said transformed plant cell a plant which 
has been genetically transformed with the genes described 
in step (a) and step (c) above and can be rendered male 
sterile by said chemical agent or stress. 

123. A method of producing hybrid seed with restored fertility 
from plants eclected from thoce species of pollen producing 
planto which are capable of being genetically transformed 
comprioing tho otepo ofi 
(a) producing a plant which carries a malo sterile trait byi 

i) inserting concomitantly or independently into the 
gonocno of a plant cell of said pollen producing 
plant which is capable of being regenerated into 
a differentiated whole plant, a sense gene which 
confers on said plant resistance to a chemical 
agent or a naturally occurring or artificially 
inducod physiological a tress and a recombinant 
D:u molecule co- prising i 

(A) a D:iA ooquenco that codes for RNA that is 
complementary to the RNA sequence encoded by 
caid cense gone; 

(B) a pollen specific promoter which functions 
in said plant coll to cause transcription of 
said d::a sequence into RNA; and preferably 

(C) a terminator sequence wheh defines a 
termination signal during transcription of 
said DNA sequence; 
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ii) obtaining u plant cell of a plant which hae been 
transformed with the genea described in step (i) 
above; 

iii) regenerating from said transformed plant cell a 
plant which is genetically transformed with the 
genes described in step (i) above and can bo 
rendered male sterile by said chemical agent or 
straos ; 

(b) increasing tho nuziber of genotically transformed plants byi 
i) clonal propagation using tissue explants thereof, or 
other in vitro propagation techniques; 



ii) A) crossing the genetically transformed plant 

described In step (a) iv) above with suitable 
male fertile plant; 

B) using the saxe chemical agent or physiological 
stress to elininato plants which do not contain 
the genos described in step (a) ii) above among 
plants grown from seed produced by such cross; 
and 

C) repeating such a cross over several generations 

with the plcnts obtained as in step (b) ii) above 
in tho presence of said chemical agent or 
physiological stress to incroase the numbers of 
male sterile plants; or preferably 

iii) A) oolfing tho genetically transformed plant 

described in (a) that can be rendered male 
sterile by said chemical agent or stress, and 
selecting from that selfing progeny, a plant 
hcMsygoua for the male sterile trait; 
D) growing the genetically transformed plant 
described in step (a) (iii) above in isolation 
froa the same stress or chemical agent to produce 
a self-fertilo plant; 

C) poraitting eolf-fertilisation; end 

D) growing seed of such self-fertile plant/ over a 
number of generations in isolation from the same 
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stress or chamical agent to increase the number 
of gonotically transformed plants; 

effecting a hybrid cross between said genetically 
transformed plants grown in the presence of the same stress 
or chemical agent present during pollen formation and 
suitable male fertile plants. 

A method to produce hybrid seed with restored male 
fertility froa plants selected from those species of pollen 
producing plants which are capable of being genetically 
transformed comprising the steps ofi 

inserting into the genome of a plant cell of said pollen 
producing plant that is capable of being regenerated into 
a dif ferontiated whole plant, a gene which confers on said 
plant resistance to a chemical agent or physiological 
strooo and linked to said gene a recombinant DMA molecule 
comprising i 

( i) a DNA sequence which codes for a cytotoxic 
molecule; 

(ii) a pollen targeted promoter which functions in 

oaid plant cell to cause transcription of said 
DXA coquonco; and 

(iii) a terminator sequence which defines a termination 

signal during tranecription of such DNA sequence, 

obtaining a transformod plant cell; 

regenerating from oaid plant cell a genetically transformed 

plant which io male ctorilo; 

increasing tho nuaber gonotically transformed plants byt 

i) crossing the genetically transformed plant 
described in step (c) above with a suitable male 
fertile plant; 

ii) using a chemical agont or physiological stress to 
eliminate plants which do not contain the genes 
dcocribod in step (a) above among plants grown 
from sood produced by such cross; and 

iii) ropoating such a cross ovor several generations 
with the plants obtained as in step (d) ii) above 
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in the presence of said chemical agent or 
ohyciological atrcoa to increase tho number* of 
nilo sterilo plants; 
(•) inserting into a plant cell of suitable male fertile plant 
selected frozi the same species a gene which confer* on said 
plant resistance to a chemical agent or physiological 
stress and linked to said gene a recombinant DNA molecule 
comprising: 

(i) a D"A sequence which codes for RNA that is 
comploinontary to the RNA sequence coding for said 
cytotoxic molecule; 

(ii) a promoter which causes transcription of the DNA 
sequence defined in step (e)(i) above at or about 
tho time of tranacription of the DNA sequence 
defined In step (a)(i); 

(iii) a terminator sequence which defines a termination 
signal during transcription of the DNA sequence 
described in step (e)(i) above; 

(f) obtaining a transformed plant cell from step (d); 

(g) regenerating from said transformed plant cell described in 
oto? (d) above a genetically transformed male fertile 
plant. 

(h) producing a rcstoror line by* 

i) aolfing the gonotically transformed plant described in 
(g) and colocting from that selfing progeny, a plant 
homozygous for tho male restorer trait; 

ii) permitting self -fertilization of said plant homosygoue 
for the calo restorer trait; and 

iii) growing seod of oaid plant, over a number of 
gonorationo to increase the number of genetically 
transformed plants ; 

(i) effecting a hybrid cross by pollinating said male sterile 
plants with pollen from said genetically transformed male 
fertile plants . 

123. A method of producing hybrid seed with restored male 
fertility from those speciee of pollen producing plant* 



capable of being trans forcod and regenerated into a 
differentiated whole plant which method comprises i 
(i) insorting into tho gonosie of a plant cell of said 
plant that is capablo of regeneration into a 
differentiated whole plant, a gone which confers on 
said plant resiotance to a chemical agent or a 
naturally occurring or artificially induced 
physiological stroso and linked to this a recombinant 
D:iA molecule comprising i 

(A) a D:iA sequonce that when transcribed and , 
translated codes for a cytotoxic molecule or a 
molecule which broaks down a substance into a 
cytotoxic molecule; 

(B) a pollen targoted promoter which functions in 
said plant to causo transcription of said DMA 
ooquonce into XUlA at or about the time of the 
transcription of tho sense gene in developing 
pollon? and preferably 

(C) a tcrr.inator sequence which defines a termination 
signal during transcription of s«*id DNA soquencoi 

(iii) obtaining a transformed plant cell of said plant; and 

(iv) rcgonorating froa caid plant cell a plant which is 
gcnotically transformed with said D3A sequences 
described in (a)(ii) abovo and is male sterile, and 

incroaoing the number of gonetically transformed male 
storilo plants byi 

(i) clonal propagation of said genotically transformed 
malo ctorilo plant doccribod in step (a) using tissue 
enplants thereof, or other in vitro propagation 
techniques; or 

(ii) A) crossing tho genotically transformed male sterile 

plant described in (a) with a isogeneic male 
fortilo plant; 
B) using tho chcoical agent or physiological stress 
defined in (a)(ii) abovo to eliminate plants 
which do not contain the D3A soquence defined in 
(a)(ii) amongst plants grown from seed produced 
by such cross; and 
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C) ropcating such crocs over several generations 
with plants obtained in atop (b)(iii) above in 
tho prosence of said choaiical agent or 
physiological strosa to Increase the numbers of 
maid ctorilo plants . 

(c) producing a male fertile restorer plant by« 

(i) incorting into tho genocio of a plant ceil of a 
ouitable male parent plant that la capable of 
regeneration into a differentiated whole plant a gene 
that confers reoiotanco to a chemical agent or a 
naturally occurring or artificially induced 
phyciological stress, linked to a recombinant DNA 
sequence comprising s 

(A) a gono that codes for a molocule that negates the 
disruption caused to tissues critical to pollen 
forest ion or function in said genetically 
transformed fcaale parent plant? 

(B) a pror.otor that functions in said tissues 
critical to pollen formation or function to cause 
transcription of said gene into RNA at or about 
tho tine that the oonoe gone doscribod in (a)(i) 
io active, preferably a pollen targeted promoter; 
and proforably 

(C) a terminator oooionco which dofinos a termination 
signal during transcription of said DNA sequence. 

(d) increasing tho nur^er of genetically transformed male 
fortilo roctorcr plants by i 

(i) solving tho gcnotically transformed plant carrying the 
restorer trait described in (c), and selecting a plant 
hooosygoua for tho restorer trait and increasing said 
plant by coifing in isolation; or 

(ii) when applicablo, conducting anther or Isolated 
microspore culture of the gonetically transformed 
plant carrying tho restorer trait described in (C) and 
colocting a plant hocooygous for the restorer trait 
and increasing said plant by oolfing in Isolation. 

(e) of footing a hybrid cross by pollinating said male sterile 
plants doscribod in (a) and increased in (b) In the 
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proconca of tha chemical agont or physiological itrtsi 
definod in (a) (11) /(if required), with pollen from mala 
fortilo reatoror plants as doscribed in (c) and Increased 
in (d). 
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Figure 3a (cont'd) 
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Figure 3a (cont'd) 
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Figure 3a (cont'd) 
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Figura 3a (cont'd) 
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Figure 3a (cont'd) 
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Figure 3a (cont'd) 
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Fi<:urQ 3a (cont'd) 
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Figure 3i> (cont'd) 
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7i.gura 3c (cont'd) 
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Figure 3d (cont'd) 
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